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I. Basis of the report 

1 This report has been drawn on the basis of {substitute sheets which have been furnished to the receiving Office in 
' response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

1.51 as originally filed 

Claims, No.: 

1 .34 as originally filed 

Drawings, sheets: 

1/17-17/17 as originally filed 



2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.i 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statennent 



Novelty (N) 


Yes: 


Claims 


1-34 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 






No: 


Claims 


1-34 


Industrial applicability (lA) 


Yes: 


Claims 


1-34 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the intemational application have been noted: 
see separate sheet 



Form PCT/lPEA/409 (Boxes l-VIII. Sheet 2) (January 1994) 



INTERNATIONAL PRELIMINARY international application No. PCT/GB98/02583 
EXAMINATION REPORT - SEPARATE SHEET 



Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step 
industrial applicability; citations and explanations supporting such statement 



1 . The present application fails to meet the requirements of Art. 33 PCT because the 
subject matter of claim 1 is not based on an inventive step. The reasons are as 
follows. 

Document D5 (EP-A-0 276 932, see in particular Fig. 1 with corresponding text) 
cited in the search report discloses (applying the terminology of present claim 1 
and the reference numerals found in D5) a: 

Communications apparatus (Fig. 1; communication is established between a 
satellite and a receiver) for receiving a modulated radio-frequency signal (via 4), 
at least one means (6) for down converting a received modulated radio-frequency 
signal, means (58, 60) for digitizing a down converted signal and means (62, 48) 
for exporting at least part of the digitized signal to a personal computing device 
(8). 

This is almost all of the exact wording of present claim 1 which differs from the 
disclosure of D5 only in that the claim specifies that the digitized signal fed to the 
personal computer is a modulated digitized signal, which appears not to be the 
case for the signal shown in D5. 

However, the skilled person working on an arrangement as given by D5 and 
seeking a more compact arrangement or increased flexibility (these being self- 
evident problems the skilled person encounters regularly in his or her daily work) 
will find it obvious to feed modulated digitized signals to the personal computer, 
instead of making the transfer to the personal computer after the full demodulation 
of the signals. 
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This is because the skilled person is aware of documents such as e.g. document 
D7 {US-A-5 589 833, see in particular Figs. 2 - 4 with corresponding text) 
mentioned in the search report. D7 relates to a radar device but is nevertheless 
closely related to D5 since both documents related to very high frequency radio 
transmission. 

In D7, the skilled person finds that the modulated intermediate frequency signal is 
digitized and handled by personal computer bus (PC-bus) interface card (see Fig. 
3 in D7). 

It will therefore be obvious to the skilled person that signal processing is 
advantageously handled at the IF-level by a personal computer, and therefore will 
rearrange the set-up given by D5 so as to feed the digitized modulated signal to 
the personal computer. 

2. The same reasoning as above also holds for claim 1 8, which refers to a 
transmission system instead of a receiver as covered by claim 1. Since the 
transmitter (modulation/upconversion) is merely a "reverse" arrangement of the 
transmitter system (downconversion/demodulation), the skilled person will find it 
obvious to use a personal computer to generate frequency modulated signals 
which are then transmitted. 

3. It is noted that the present alleged invention appears to be based on the concept 
that a personal computer is handling more that just the control of signal 
generating units and actively participates in generating and modulating the signals 
to be transmitted. This concept appears to be a concept which is self-evident to 
the skilled person because the versatility of personal computers has long been 
known to be one of their most attractive assets. Only the limited speed and power 
handling capabilities of personal computers resulting from the available 
technology has previous kept the skilled person from programming the PC to 
perform all tasks in any communications environment. As technology progresses, 
it is self-evident to the skilled person to let the tasks handled by the PC evolve 
similarly and to e.g. let the PC handle signal processing. 

No inventive activity can be seen in such an application of the PC. 
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4. The dependent claims appear not to include any features which could form the 
basis of a new independent claim which could be acknowledged as being based 
on an inventive step because they all related to features which are either self- 
evident in the domain of personal computers (claims 2 - 4, 12 - 16, 17 - 21, 30 - 
33), or usual practice in the domain of transmitters/receivers (claims 5 - 1 1, 22 - 
29). 

Therefore it presently appears that even an independent claim based on a 
combination of features form the present dependent claims would not meet the 
requirement of Art. 33 PCI. 



Re Item VII 

Certain defects in the international application 

1 . The independent claims are not in the two-part form in accordance with Rule 
6.3(b) PCT, which in the present case would have been appropriate, with those 
features known in combination from the prior art (document D5) being placed in a 
preamble (Rule 6.3(b)(i) PCT) and with the remaining features being included in a 
characterising part (Rule 6.3(b)(ii) PCT). 

2. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

3. Claim 34 contains a reference the drawings. According to Rule 6.2(a) PCT, claims 
should not contain such references except where absolutely necessary, which is 
not the case here. 

4. Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the documents D5 and D7 is not mentioned in the description, nor are 
these documents identified therein. 
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pKDcDmark, ESSDo-n, FT FmlMd. FRfra^cc.GB Unlicd KiiisJum, GROnxcc. E Ireland, miiY.LULiDCemboufC 
MCMoo^,NL NcdicfWds.PT Pur luuJ.SE Sweden, and any cmcr State which IS a ContrectinE Suicofthc Fumnr^ 
Patcai CoD'CDuoQ aad of de PCT 

□ OA OAPIPaieojt- BF Burkina Foio.fijBcninXFCcncr^Ai/ic^u.Rc^^ CM Cameroon 

CA Gabon. CN Guinc*. Vfl. Mali. MR Mcuritan^a, N£ Niger. $^ Senegal. TDThad/TC T^o li^d oS^^ 
»hicb iS a Qjculci Stale of OAPI and 8 ConcracOflg Saic Ot the PCT (i! ahtf kird of pmtfrrimSr r^^H^^m Lind. spedA- 

onocmilffx} ^ 

NaiionaJ Patent (if ofTier ionc ot pwrg^on or ramenr dalrarf. on dotted Ufls): 



□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 
□ 

□ 

□ 
□ 
□ 
□ 
□ 



AU 
A2 
BA 
BB 
BG 
RR 
BY 
CA 



CU 

cz 

D£ 

OK 

EE 

F.S 

fl 

CB 

GE 

CH 



HU 

ID 

IL 

IS 

JT> 

KE 



AL Alboiiio 

AM AnncQia 

AT Ausuifl 

AdStTBlt* 

Azerbaijan 

Bconio Qod Hcrzcjovina 

Bdrbddos 

BulfcAiin 

fiw.il 

Belarus 

CH aJKj U Switzerland and Liechtenstein 

ON Cljiu4 

Cuba 

Czech Republic 

Gcnn&ny 

Dcnraerk 

EatOuia , 

Sp*in 

Finland 

United Kingdom 

Cieorgia 

Gh&nA 

GM Gambia 

GW Ouiaca-Bissau 

HR Croatit 

HuDcary 

Indonesia 

Israel 

Iceland 

Japan : , , 

Kenya 

KC Kyrgj-sflno 

KP Democratic People's Republic ofVorra 



KR 
K2 
LC 
LK 
LR 



□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 
□ 
□ 
□ 
□ 

n 
□ 
□ 
□ 
n 
n 
□ 
□ 
□ 
□ 
n 
□ 
□ 
□ 
□ 

□ 
□ 
n 
□ 



LS 
LT 
LU 
LV 



Lesotho . . . , 
LitKuaaia 
Luxembourg 
L<rvl« 



MD Rcpuhlir. of Moldova 

MG Midflgwcar 

MK Tht fofTBtr YugooUv Republic of M*icdo 



MN Mongolia 
MWMAla^i-i . 
MX Mexico . 



NO 
NZ 
PL 
PT 
RO 
RU 
SD 
SE 
SO 
SI 

5L 
TJ 
TM 
TK 
TT 
UA 
UC 

\17. 
VN 
YU 
2w 



Norway 

Ncw/Ccaland 

Poland 

Pomigil 

Romania 

Ruesiao F«dtniiion . . . . 

^udAn 

Sweden 

Singapore 

Slovenia 

Slovakia 

Sierra Leone 

TajikijTAn 

Turkmenistan 

Turkey 

Tnnidad mnd Tofcaco . . , , 
Ukraine 

Uganda 

United Sta^s of America 



Uzbcldnaa 
Vict Nam ., 



Zimbabwe 



Renuhlir or Korea , -k*,!, ^ jf j ■ ■ ^ 

., , , LOect-boxcs reserved tor (Jcstgnatino Surr.^ (for i>ie purpose of 

IVJiaichStfla a naaonaJ patent) which have bccnmc. rv»rTv lo tht PCT after 

lisuaace ot this sbcct: 



Saiat Lucia 

Lanka 
Liberia 



□ 
□ 



Prt^utJonarrDolgDaaouSiiinnem: In addition totbedcsijuiatioQsmadcabove.thcapplicanTalvniak^ under Rule 4 Oie^aJioTK^ 
desig^DOns Which would be gcrmined under the PCT etc^r *ny He^gnati«<0 .^diea Jin 4c Supple:.cn^ D^. I t^o.^^^^^^ 

trom the iCOpc of thjS Stmcmcnt. T)>/^ applicant d^Uni thai tfcooe additional d- - - ^ i^s « tjciog excluded 

5rnuathsfi 



^wM, u.^ uu, >uuemcnL I nr applicant a«Urt« that tfcooe additional dcigMnous subject lo confirmanon and thai anv 

dcsisnatiCTJ whiCh.s QOC confirmodb^^^^ 

psytnciit of iha iieiignamn anj confirmation fees. Confinnaiion muit rP.^rh th& receiving OfTjcs Xhirftic 



Form PCT/^lO/101 (sooood aii«i)(Ju]y 1998) 



iee Nmes to che rwqu^t fonp 



?0. 1'lii*. yjM yj}:'}} 



MARKS AND CLEkK 



NO. 0530 P. 90 



SheeiNo. f 



-ViPRlORmr CLAIM 



Filing date 
of e&flierapplj cation 



iietti(l) 

27 Aug 1997 (27/06/97) 



item (2) 



item (3) 



NumtKT 
of ca/licr applicurion 



9718131.7 



□ Funhcr priority claim? tft ipdic&toJ in Ihc Supplemental B<b^ . 
^licre earlier applicaciofl is: 



aadonAlapfvIirjiboa: 



GB 



regioftaj OFpli'&auua;' 
region&i uiljc< 



inicmADonai applicaaon; 



rn The recci%ing Office is requested to nrepRre and tniaajiit to the Intcmduuiml Bureau a cenifird r.^,^. ' 
^ Of the earhcr apph«noD(s) (onl^i/che e^licr application ^I fU^ ^(S S^^^^ 

purpose of the preset i^tcrr^dhnd sppUcaUon iiux rectimg Office) idenrifi^/j^vf« i^L^^ 



B^^No. vn rMBRNAnONALSEARCHINC A I rTHORJTY 



Choice ufLaemadonal Sear cllinj; Au Oiority ASA) 

f// i»o or i3jor# Imermtsonai ^i;ctiin£ AvihonQes a/f 
cuui^iCTi ID carry oi/f ift? iniemBaona! seirch. indicics 
c/ic AuUiwihjr chosen: '^e yfO'itcter cocc may bt uWj: 

ISA/ 



Date May^c^v,^; n^.i,^ ^^^^^ 



bOxNo.Vni CHECK T.T5T: LANGUAGE OF FILPJG 



This inicmationaj application contoiiii 
ihc following nuinHrrof shwti: 

re^^ucst : 4 

dc>.'ii{/uua (excluding 
sequence li5DnfiE>an) :51 

drear*in^c : 17 

sequence I isiins PAH 
of description 

Tntpl number of (h««ts : 76 



This ioi^matioDaJ flppli^iiun is ijcrompanied by the itera(s) marted K^W: 

1. □ f« calculation ihoci 

2. □ wrpartie signed power of attornc; 

3. B5 ccpy nf firncral po*tr of attomcy. refc,cu« number, if any: 

4. n statemcal explaining l»ck of cignoMfo 

5. □ pnwitV' documeotfs) i^ien^Tl«i b Bex Mo. V] iura(5): 

6. P traasliaon of iatcniaDOnaJ appIiMOoa into (language): 

7- □ separeie indicftliois COflccming dcpn^iirr.^ microcrs^n^sm or other biologiuJ maieriaJ 

8. □ uwlojudc an6'or amino acid sequence listing in ri:TOputcT K^dthU fortA 

9. □ other (specify). 



Figure of the drawing* * hich 
should accrtmfiany ihe abcawt: 1 



Rn> No. a SIGNATURE OF ATrUCANT OR AGENT 



UDguagc ofniing of the 
iQtemadonaJ applicaoon: EngiiSft 




Devuns, David Jon 



I . pale 01 acniaJ rcceipl of the pur^r^ned 
intemacional appliutioa: 



>CT receiving Office use only 



Corrected date of <tcniRi rrceipt du« lo joter but 
-timely r«o:i'vrJ pepen: or dfflu-bg3 coniplcuug 
The purported intTBationol «pplic«don. 



7. Draw 



4. Dale nf rimely receipt of the required 
corrgcoone under P^T Ariiolc 11(2): 



5. IptemotianAi Souxhing Authoiii; 

(if gg-o Of more uc ujmpctcnr): ISA / 



□ TfBAsasiRaJ of aoareh ccpy dcUycd 
uddI SAorch fee is paid. 



P»S0 of rooa'pt of chc 1 wurd cop>- 
by ihc IntemAliyual Burcau: 



For In^craaaouaJ Burau us« onlv i 



I I rcccivoJ: 
|~1 aoi recovod: 



Fonu PCT/^O/lOi (last sheet) (July 1998) 



^ iV0K5 to Lhft n^ueu 



eitform 



20. FED. 2000"20:34" 



■MARKS AND CLERK* 



NO. 0530 P. 9! 



jP^ y EP 29 March 19a9 



PCT 

DEMAND 

under Anide 3 1 of die Patent Cooperoiion Treaty: 
Th. undmimeH req^sis that Uie mteraaiional appllcaiion spccif.cd telow be the aubjsct of 
^iSl/A&n- examination accorHine 10 (he P«^^ 

hereby eUcis =ll eligible States (except wba™ other^'ise irrf.cated). 



CHAPTER II 



Idemibcation onP£A 



ForlnicrriHiional P.climinar)- Examining Authority' use only 



D«re of receipt of DEMANU_ 



BaxNo.I inFNTlFlCA'nUNOFTKElNTERNATlONALAPPUCATION 



loiCTTiflUonaJ appliCJiTinnNo. 

PCT/GB96/02G03 



Inumaiional filing Uaic (d£f/moniWyccLf) 
27 August Iftsa (27.0B.199H) 



Applicant's or agent's 6 If. reference 
545P77650 



(Earliest) Pfinnty date (day/monttVyeaT) 
27 Auguel 1997 (27.08.1007) 



1 itle of invcndon 
Communicalions Apparatus 



Box No. n APPLIUANT(S) 



Name and address. (^fJ^J^™ nam5 fl/couW 



nadloScape Umiled 
34 Mornington Crescent 
London NW1 7BE 
United Kingdom 



Tclcpnone No.: 



F«c*imilc Ko/. 



Slate ftftar is. cDunro^j of iiailonalit^-: 
GB - 



StAic fcfa/ is. count/yi ot residence: 
GB 



Perris. Gavin RODen 
RadioScapc Limiled 
34 Morningion C^esceni 
London NWl 7RE 
United Kingdom 



Slate frta: is. CDurif/yj^f iiAiionoIitv: 
GB 



Sinie to ii COUnr/yJ ol r^^sidencc: 

Gb 



^^.an^;^^;;!^^ 

Florence. Peter Charles 
nadioScap© Limited 
34 Mornlngton Crescenl 
London NW1 7RE 
united Kingdom 



State ((ht is, CDunnyj of nationali 

6R 



State (:hiii U om^ioyjof residence: 
GD 



I I further applicdnt! ere indicated on a ooniinuatioD theet. 
r^rw PCT/iPEA/401 (6r« sKeci)(July 199S) 



Sffc No tec to i/je demand form 



20. FEB. ?iiOU /0:34 



MARKS AND CLEkK 



NO. 0530 



bhccT No. 



Jntcmetiona) application Nc. 

PCT/6B96/02583 



Box No. m ACEKT OR COMMON REPRESENTATTVE; OR ADDRESS FOR CORRESPONDENCE 



The followinc person is D common fcprescnuitive 

and |~X I hat been appointed earlier and ixprectnieiK* Qpp!Icajit(c) aliui fori nUfTiariofloJ pr«liminajv nuuninadon. 

[~ I is hereby QjjpuiiiicJ oiiO aiiy cnrlicr uppoinuncm of (an) agcnT(5)''common rcprcscniflrivc is hereby rcvokc<J. 

[ I IS hereby appoinic^J, spccificaljy ioi the procedure bdorc the iniemauoiial hreliminary iiuiminins Auihorit>'. in addition lo 
^— ^ ihe ftgen:(sycomn)on rcprc«madve Qppolnied earlier. 



Name and BiUicas. (Tamil/ ixme followed by iinn nojuc: fof a /q?«a/ crnl:/. ruU official d&igMC 
The. aSdrcjs must indutie pojr«/ cWe antf na/Tw of covna^:) 



waldren, Robin Michael 
Marks & Clerk 
57-60 Uncoln'b Inn Fields 
London WC2A 3LS 
united Kingdom 



Telephone No.: 
01 71-400-3000 



F«e*i/T\ilc K«.: 

0171-406-4.910 



25311 EMANDC G 



□ 



Addms for correspondence: Mark this chak-box where no agent or common rcprescniatjvx is/has bwn appointed and the 
space above is used instead to indicaic a special address to which correspondenc* should be sent. 



Box No. IV BASIS FOR INTERNATIONAL K^ELIMTNARYEXANONATION 



State/nent concerning amendincnu: • 

1. Tho aj^yli OA lit wishes the imcmauonal picliminaiy CAmiiittalivii 10 start on the bub of: 
I jj^l the intcmotiond oppliootion as onginaJly filc*i 

ihcdc3oripdon CD as ongifiolly filed 

I J aj amended under Article 34 

thrr.Iaim.<! aa originally filed 

n as amended under Artclc 19 (tDgcihcr u-ith any accompanying staicmenO 
r~| as amended under Article 34 

ine drawings Q es originally filed 

I I as omcndcd under Aniclc 34 

2. 1^ J The a pplioont ^ishos any omcadmcnt to ihc claims under Article 19 to be ooftsidcrod aa reverted. 



Q The applicant wishes the sxajt ot the imemationfil prtliminerY examination to be postpoiml until the expiration of 20 months 
from the priority dale unless the InltmationttJ Pwlimina/y Examining Authority rcc«iv»e o copy of cmy oracndmonta mode 
under Aniclc 19 or a notice from tho appllcani ihai he docs not wish to make such amendments (Rule 69. 1(d)). (TTiis check- 
box may be marked only where ihe tima limit fin/ipr Anirh. 19 nntypj fnpimi.) 

Where no check-box is merKoi, inicmaiionel preliminary examinaiion will stan on the basis of the international applicaiion 
Bs ftriginolly filed or, where a copy of ammdmcnts to the claims under Aniclc 19 Rnd/ornmcndmentsof the iniimatlonal application 
under Artiol* 31 os* r«c«i v»d by tho Inicmariowd Preliminary Examining Authority before it haa begun to draw up o written opinion 
or the inlciuoliuiial prclimitiaijr g^aiiiiuotiun rcpon, as bO amended. 



Language ftr the purpuaw of InicmatlonaJ preliminary eunjinatlon: EnuMi 

Swhicli is the language in which ihc international application wbb filed, 
which 13 the Un^uoge of o ironalatjon furnished for the purpojcs of intomotioncl acwch, 
I which is the Unauagc of publicatiQn of the iniernationol opplicGtion, 

I which islhft langnflge of the. translaoon(tobe)fufnithed for thepurpOjeiofinternationalprelirDinarytxa/nination* 



Box No. V hUiC 1 ION OF SlM t^ 



Th« applicant hereby elects aJI eligible States (that fs, ^late? which ^?vp b^n desi^nat^d and which are bound by Chapter II of 
dieFCT) 

excluding the foliovvin^ States which the appliuuit wishes not to elect: 



Fom; K;f/l?EA'40l (second sheet) (July lyyS) 



i« Not£S CD the demand form 



20. FED. 2000 20:35 



makks and clerk 



HO. 0530 P. 33 



ShcccNo. 



IniemationaJ applicfition No. 

PCT/G6&B/Uii5lj3 



KnrKn Vl CHF.rK LIST 



The demand t« accompfinied by the foil era in c «Um»nc, in the languiiie referred xo in 
BuaNu. IV, fuj i3jc jjuf(X)iC3 ufiiiiemuuuntiJ p/tliminar)' examination: 



1, TmnsUiicm of Inxemadonal application 

2, aiiiCfiOiitcjil^i under Aniclc 34 

3, ocpy (or, wher* rtquif»d, Tronslailon) of 
am cndjnenis under Anicle 19 

^, ^\jyy (ui. ^licic icquircd, tioiisloljuii) uf 
Statement under Arucie 19 

letter 

6. other (^y^Lify) 



sheets 
sheets 

sheets 

.^heeTc 
sheets 
sheets 



For InvcmationoJ Preliminoj^' 
Ewmining Auinorit>- use only 

received noi fcccivcd 

D □ 

□ □ 

□ □ 

□ □ 

□ □ 

n G 



The dcma;»d is olso oooompani«J by the itcm(s) marked bclo^^; 

1. fxl fee calculation sheet 

2. I I separate signed poM'er of anom»y 

3. [~| copy of cencral poa'er of anomcy; 

' ffiferenM number, if any 



4. sifiiement explaining lack of sicn&rure 

5. nn nucleolide and 

ojinpuicr rcbda 

Q nihf.T (.zppclfy): 



5. I I nucleolide and or amino acid eequeDC< lisitng in 
ojinpuicr readable form 



Box No. VII SIGNATURE OF APPLICANT. AGENT OR COMMON REPRESENTATIVE 



Neif fo esctt Signdojre. indicate t/is r^ame o/we person signing ana m cspdavf in mcfi mt per^n signs {ii'sucti capadcy is m otnous h-on nading the desnbnd) 





Luolchurst, Anthony Henry William on behalf of 
Waldron, Robin Michael 



For Iniomodon*! Preliminaxy E^mining AwThoriiy use oulv 



1. Dote of flCtueJ receipt of DEMAND: 



2. Adju cud daU of receipt of dam&nd due 
to CORJ^CTIONS under Rule 60.1 (bj: 



3_ Q Thcdaicof receipt of the demand is Ah'ltKthe expiration of 19 months 



fmm rhc priorir^' darft and item d or 5, belou*, do«c not opply. 



□ The applicant has been 
informed accordingly. 



. [ I The date of rtccipi of the demand is WITHJN the pcnod of 19 monihs from the prioritv' dale as cticnded hy virnir; of 
^" I I Kule»U.y ' 



5 I I Alihough the daic of receipt of the demand is after the cxpirauon of 19 monihs from uhe prioriry' date tlic delny 5n am val 
■ I — I IS tXCUiitU pursuant to Rule 82. 



For International Bureau use only 



riBTTianrf recAivBf! fmm IPF.A on: 



Form PCT/IPEAMOl (Iwt sheet) (July 1998) 



Sec /v'utiTi ly t/)e demand form 



FED. 2000 20:35 



MARKS AND CLiiKK NO, 0530 P. 94 

PATENT COOPERATION TPE^ 



hrorn ^ne 

INTERNATiONAL PRELIMINARY EXAMINING AUTHORITY 



To- 

WALDREN. R. p T'C^^^^^ 

MAHKS iiCLhHK 1 ' *' 

57-60 LiiJuuln'b hui Fitflds \ . g D£C ^^^^ 

London WC2A 3LS I 

riRAMnF RRFTAfiNF \ 


PPT 

! NOTIFICATION 0? TRANSMITTAL OF 
I THE INTERNATIONAL KKhLIMINARY 
I EXAMINATION REPORT 

i-^-^ (PCT Rule 71.1) 


Daio of mailing 

{aay/momnjy93r} 03.12.1999 


545P77650 


IMPORTAriT notifk:atx)n 


Internaoonal aoDlication No. 
PCT/GB98/02583 


Inrarnarinrial fllInQ ftJpte {dsy/month/yi>ar) 
27/08/1993 


27/08/1997 


Applicant 

RADIOSCAPE LIMITED el al. | 



1 . Th© applicant ii hereby notified that this Intwindlioiial Pielimifiajy EAaminiiiy Auihoriiy uansmlis herewlih (he 
international preliminary examination roport and its annoxos, if any, oetablishcd on the intemQtional application. 



2. A copy of the report and ils annexes, if any, ii bwiny Iransfnilltdd lo llie IrU^rnalional Bureau lor communicalion 
to all th« Q\9C\od Offices. 



3. Where required by any of the elected Offices, lh« liilerfidlioital Buryau will prepare an Englisn iransiation of the 
roport (but not of any annexes) and will tran£mtt euch translation to those Offices. 



4. RCMINDCR 

The applicant must enter the national phase before each elected Offico by portorming certain acts (filing 
iransialions and paying national rees) within 30 months from the priority datfi (or later in some Offices) (Article 
39(1)) (3e« al50 the reminder sent by the hiteinialiuiidl Bureau wiUi Form PCT/iB/3Q1). 

Where a translation of the international application must be furnished to an elecied Office, ihai transiatron must 
contain a translation of any annexes to the intomational proliminory examination report. It is the applicant'^ 
responsibility to prepare and rumlsh such tran.slaiinn Hirerfly in p.^rh aiected Office conc©m*d. 

For further aetailS on the applicable linne limil.<; and reqiiiramants of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 



Nam* and mailino adoress of Ens IPE A/ 


Authoriiod officof 


A' ^\ 

1 J| 


— European Pawniorrice 

Jfji D-fi0298 Munich 

Tel. *40 so 2300 0 Ti: S23C:C »prpu cl 


Corcos. E 






Fax: +49 39 2395-4465 







Perm PCT/ir'£lA/4ic (Jul* i:^S£) 



vO. FEB. 2000 20:35 



MARKS AND CLiiRK 



NO. 0538 P. 85 



INTERNATION 


W 

aENT COOPERATION TREATY 

PCT 

AL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 


Applicant's or ag«nrs Til9 reference 
545P77650 


Se^sr Noilflyatjuii ul Tianamirial ot Internanonal 
FOR FURTHER ACTION Preliminary Exarr.inadon Report (Form PCT/IPEA/il6j 


lillcriia;)unal apijjigotiuii Nu, 

PCT/QB98/02583 


Inismau'onal filing date (aay/momn/ysar) 
27/08/1998 


Priori ry aaie (aay/montn//9&r} 
27/08/1997 


Intirnationa! Patent Classification (IPC) or national classificallon and IPC 
H03C1/00 


Applicant 

RADIOSCAPE LIMITED al. 



1 . This international preliminary e?;iimination report has been pfcpdrod by iliia liiWiiitaliunal Preliminaiy EAainining Authority 
and is transmftlQd to the applicant according to Anicis 36. 

Z. This REPORT consists of a total of 6 ali-joii, inuludiny this i;uve( iheel. 

L) This report i? al?*^ ^c^-ompanied by ANNEXES, i.e. shoots of tho doficription, clairns and/or drawings which havo 
been aitiendeU and aiy Uie basis for this report and/or sheets containing rGctiricaiions maoe oefore this Authoray 
(s^e Rule 70.16 ^>nd Section S07 of the Administrativ/o Instructions undor tha PCT). 

These annexes consist of p total of sheets. 



3. Thic rcpor: contains indications rotating to the following items: 

t S Basis ot the report 
II □ Prlortry 

lit □ Non-establishmeni of opinion with regard to novgriy. Inventive step and industrial appiicaoilUv 
lY □ Lack ot unrTy of Invention 

V S Roaaonftd Matemant under Article Z^{Z) with regard to I'loveiiy, inv^jnlive step or Industrial oppllcaDliny; 

citations and explanations suporting such statement 

VI □ Cenain documenis cited 

VII B cerraln defects in the iniarnationai application 

VIII □ CenaIn obs9rvatlons on ine International application 



Date of suDmission or tn« d«mana 
29/03/1999 


Date or comDl«tion of this repon 

03.12. 1S99 


Nam* and mailing address of the international 
O'elirninary ©xaminirtg authority: 

^JT" turopean Katsn: omce 

n.Kn?QA M.inich 

Ttl. ^4B 69 23S5 • 0 Jx. S23656 rpir.u Ki 
Fax: *49 99 2393 - 4465 


Authorised officer ^-^^rr-^ 
Zwicker. T | 0 jj 

Tele phi ft* No. -i? 25 2533 2Sa 1 



Fnrm PCT/IPE (ccvor shoot) (January IwJl) 



International application No. PCT/GB98/02583 
I. Basis ot the report 

1 . This repon has been drawn on the basis ot {suOsmte stieeis which have been furnished to (he receMnp Office in 
response to an invitation under Article 14 are referred to in this report as "^originally filed' and are not annexed to 
th^ report siincR they do not contain amRndmp.nf!^ )• 

Description, pages: 

1-S1 ac originaHy tiled 

Claims, No.; 

1-34 as oriqinallv tiled 

Drawings, sheets: 

1/17-17/17 ao originally filod 

?. The amendments have resulted in me cancellation oi: 

□ the description. pages: 

□ Uiedaiiiis, Nos.; 
U the drawings. sheets: 

3. □ Thie report has been eslablishod as rt (some of) tho amendmonts had not boon made, sine© they have been 

considered to go beyond the disclosure as tiled (Hule 70.2(c)); 

4. Adaiiional observations, it necessary: 
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V, Reasoned slalemenl uiidei Aitiule 35(2) with regard to novelty, invenUve step or industrial 
applicobility; citations and explanatione eupporting such statement 

1. Statemant 



Novelty (N) 


Yes: 


Claima 


1-34 




No: 


Claims 




Inventive step (tS) 


Yes: 


Claims 






No. 


Claims 


1-34 


Industrial applicability (lA) 


Yes: 


Claims 


1-34 




Nn- 


Chim*; 





2. Citations and 9xpianalir»n<> 
see separate sheet 

VII. Certain defecla in the internalional application 

The following defects in th© form or contents of tho international application have baon noted: 
see separata Aheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 



1. The present application falls to meet the requirements of Art. 33 PCT because the 
subject matter of claim 1 Is not based on an inventive step. The reasons are as 
followG. 

Document D5 (EP-A-0 275 932, sgg in particular Fig. 1 with corresponding text) 
cited in search report discloses (applying the terminology of present claim 1 
and the reference numerals found in D5) a: 

Communiratinns apparatus (Fig. 1: communication is established between a 
satellite and a receiver) for receiving a modulated radio-frequency signal (via 4), 
at least one means (6) for down converting a rbt;eived modulated radio-frequency 
signal, means (58, 60) for digitizing a down converted signal and means (62, 48) 
for exporting at least part of the digitized signal to a personal computing device 
(8). 

This is almost ail of thp P,t^c.\ wording of present claim 1 which differs from the 
disclosure of D5 only in that the claim Gpccifics that the digitized signal fed to the 
personal computer is a modulated digitized signal, which appears not to be the 
case for the signal shown in D5. 

However, the skilled person working on an arrangement as given by D5 and 
seeking a more compact arrangement or increased flexibility (these being self- 
evident problems the skilled person encounters regularly in his or her daily work) 
will find it obvious to feed modulated digitized signals to the personal computer, 
instflarl of making the transfer to the personal computer after the full demodulation 
of the signals. 



Fliiiii PCT/Sepaicite 3hevtM05 (3^oet i) (Cf"0- April i357) 
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This ib because the skilled person is aware of documents such as e.g. document 
D7 (US-A.5 589 833, see in particular Figs, 2 • 4 with corresponding text) 
mentioned in the search report. D7 relates to a radar device but is neveaheless 
closely related to D5 since both documents related to very high frequency radio 
transmission. 

in D7, the skilled person finds that the modulated intermediate frequency signal is 
digitized and handled by personal computer bus (PC-bus) interface card (see Fig. 
3 in D7). 

It will therefore be obvious to the skilled person that signal processing is 
advantageously handled al the IF-level by a personal computer, and therefore will 
rearrange the set-up given by D5 so as to feed the digitized modulated signal to 
the personal computer. 

2. The same reasoning as above also holds for claim 18, which refers to a 
transmission system Instead of a receiver as covered by claim i. Since the 
transmitter (modulation/upconversion) is merely a "reverse" arrangement of th© 
transmiller system (downconversion/demodulation), the skilled person will find it 
obvious to use a personal computer to generate frequency modulated signals 
which are then transmitted. 

3. It is noted that the present alleged invention appears to be based on the concept 
that a personal computer Is handling more that just the control of signal 
generating units and actively participates in generating and modulating the signals 
to be transmitted. This concept appears to be a concept which is self-evident to 
the skilled person because th© versatility of personal computers has long been 
known to be one of their most attractive assets. Only the limited speed and power 
handling capabilities of personal computers resulting from the available 
technology has previous kept the skilled person from programming the PC to 
perform all lasks in any communinafion.c; environment. As technology progresses, 
it Is self-evident to the skilled person to let the tasks handled by the PC evolve 
Similarly and to e.g. let the PC handle signal processing. 



No inventive dctivity udri be seen in such an application of the PC. 



Porm PCT/Sbpiualw 2l<«l'*i09 (Slir«l 2) {tPC-Aynl 1957) 
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4. The dependent claims appear not to include any features which could form the 
basis of a new independent claim which could be acknowledged as being based 
on an inventive step because they all related to features which are either .s^^lt- 
evident in th© domain of personal computers (claims 2 - 4, 1 2 - 1 6, 1 7 - 2 1 , 30 - 
33), or usual practice in the domain of transmitters/receivers (claims 5 - 1 1 , 22 - 
29). 

Therefore it presently appears that even an independent claim based on a 
combination of features form the present dependent claims would iiot meet ttie 
requirement of An. A'A POT. 



Re Item VII 

Certain defects in the international application 

1 . The independent claims are not in the two-part form in accordance with Rule 
6.3(b) PCT, which in the present case would have been appropriate, with lliuse 
features Known In combination from the prior an (document D5) being placed in a 
preamble (Rule 6.3(b)(i) PCT) and with the remaining features being included in a ^ 
oliaraUeriiiog part (Rule 6.3(b)(|j) PCT). 

2. The features of the claims are not provided wilh feference signs placed In 
parentheses (Rule 6.2(b) PCT). 

3. Claim 34 contains a reference the drawings. According to Rule 6.2(a) PCT, claims 
should not contain such references except where absolutely necessary, whicfi is 
not the case here. 

4. Conirary to the requirements of Rule 5.1(a)(il) PCT, the relevani tDackground art 
disclosed in the documents D5 and 07 is not mentioned in the description, nor are 
these documents identified therein. 
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fS4) Tiilo: COMMUNICATIONS APPARATUS 




(57) Abstract 

In a fiiM aspect the Invention provides an apparatus for processing radio signals for conncciion to a personal computing device (PCD), 
in which a stream of digitised iniermadiaie hrj]ur.nry (TP) data is maintained in at least one direction. In th; inbound direction, information 
is received (10^) ac radio frequency (RF) sisals by the device, down-convened (lOj) to IF and ilicn digitized (107) and fed into rhc 
PCD (109) under control or an inicffacc management unit (IMU lUK). Sotiwarc modules in the PCD then provide whatever demodulfltir>n 
processing is required for fhft mnsmissirm scheme in use. The invention further providtf; a irancmitter apparatus. In the outbound direction, 
an IF signal is digitally syn'iiesiscd by sofcwirc on Uic PCD (109). acLgnJing to an appropriate modulation scheme, and the resuUing 
signal Is passed to the device via the iMU. u^hcre ii is used lo generate (110) a corresponding analogue wavcfnrm. This wnvftfonm is then 
np-<:nnvftrTwi (11?) to RF at the appropriate frw^ucncy and rransmittod. As tht PCD aofiwcrc is able to send commdnds to the device 
to 3CC the centre frcqucijcy ojid bainJ*iddi uf RF lo be accepted and transmitted, the device (together with appropriate sottwarc on the 
PCD) provides the basis for a generic, low-<osl radio-frequency mmmiinie^rtons system. The invtntion may further provide a cransceiver 
apparatus having both inbound end outbound channels. 
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Communicarjons Apparatus 

This invention relates Generally to the field of radio frequency receivers and irauMiiiners 
(whir.h. when incorporated together in one unit are commonly referred to as 
'transceiver.';' ) I hft invention has panicular application where such svstcms are 
connected lo personal computing devices (PCDs). such as laptop PCs or personal dieiial 
assistants (PDAs). 

The use uf iddio frequency (RF) electromagnetic wave.*; a<; a r.srner for information, such 
as analogue audio. di>:iLal audio and general digital data, is well knov,-n m the 
communication art. The most t^amiliar exploitation of ihis is. found in television and 
radio, and a typical receiver for FM radio is shuwu (in block diagram form) in FIG. 2. In 
such a receiver, an antenna 201 ccnvcns radio frequency clccuuriiaunciic radiation fRf ) 
into electrical signals. Since the antenna ^».-ill conven (to some decree) any RF. some 
means is needed to select only the desired signal, which, in the ease of conventional FM 
audio hro;^dcasting, will be a panicular band of signals with a particular centre frequency 
and a 200lcH2 bandwidth This process is known as runmi^. and the degree to which a 
receiver is able to acquire only the desired signal and reject all others is known as its 
sclccLiviiv. The RF amplifier 202 provides some decree of tuning selectivity, commonly 
through the use of rwunam (LC) circuits on its input and output The resonant frequency 
of these circuits is set by the mnin^ cumrol 211. which will commonly involve variable 
capacitors. The Rf amplifier 202 also increases liic system's sensitivity (i.e.. its ability to 
acquire weak RF signals), by increasing the amplitude of the signal. 

To provide a well controlled receiver bandwidth and to reduce the frequency of the 
acquired RF signal, the signal is ne>:t passed into a mixer 203, where it is combined with 
a signal from a lof.sl oscillator (LO) 210. The frequency of oscillator 210 is set by the 
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tunina comrol of the device 21 1 (and modified by feedback from the auiomaiic 
frequency comroi (AFC) system 209). The resuli of such RF/LO mixme. conimonly 
referred ic as heterodyning, is to produce the sum and difference of the LO and Rf 
frequennes (together u-iih a number of other frequencies). If these frequencies are 
denored f^ and t*, respectively, then the primary output of mixer 203 will be \i, t Q, In 
high side injeciinn, which most usual in such receivers, the signal is higher in 
frequency than the desired frequency f, The difference between ihem is set to be the 
iniermediaie frequency, or IF. by the tuning control 21 1. If we denote this frequency f,, 
ihcii. 



The purpose of this drraiigeineiii lu down-convert the inbound RF signal t, a fixed 
frequency (for that receiver) f„ which is then selected by the tuned IF amplifier 204. 
Because the frequency {\ is fixed, the bandwidth of the receiver can be accurately 
controiled. and the IF amplifier therefore provides good selectivity of the f, - f,, IF signal. 
Systems such as that illustrated in FIG. 2 are commonly referred to as supcrheiefodyne 
(or .superhet) receivers The terms are contractions of "supersonic heterodyne" because 
they generate a beat signal at frequencies above human hearing. 

Care has to be taken with such an arrangement, however, to prevent the receiver from 
picking up another, unwanted signal, known as the image frfique.nr.y. This occurs because 
the system accepts the signal f;^. - 0 2 f.. on which it will operate to prndnr.e (inier 
alia): 

firn-fc = (fr + 2fi)-(f, + fi) = f. 

In .Simple systems such as that illustrated in FIG. 2. good image rcjeciiou is normally 
achieved by the tuned RF amplifier 202 suppressing f^^. 

The IF signal (which is normally set to f; = lO.TMHi for conventional FM audio 
receivers) is then passed into a peak clipper 2U5, which simply conditions the signal (by 
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3 

eliminaunc amplitude changes due lo noise) prior lu the action of the deiecior 212. The 
deiecior or demodulator, for frequency modulation (FM) converts chances in the 
• frequency of the carrier wave i\ I'now represented by in downconvcrtcd EF form as f,) to 
changes in amplimde of the original, modulating wave f^. The primar-v' result of siaue 
212. therefore, is the recnvp.red audio information, which is passed to an audio frequency 
amplifier 207 and then on to a rf^producer. in this case a speaker 20S which renders the 
recovered audio information in auriihle form. Two other supplementary' systems arc 
linked lo the detector, One. the automatic frequency control (AFC) 209, is fed back to the 
uscillaior to prevent f, from drifting. Another, the de-emphasis network 206 modifies the 
received aUiral lo compensate for the pre-empha.^i.< (rrpole boost) used in FM 
transmission, by reducing ihc stren?Th of the higher-frequency components of the audio 
sisnal 



In all of the above discussion, it should be noied ilidL alihoueh the RI carrier centre 
frequency and the local oscillator frequency f, arc single frequency si.i^nals. the frequency 
nt the moduiatina wave f^ and the resulting iransmined wave f, will gencrallv vary' over 
lime fwith changes in the amplioide envelope of f^ altering the carrier frequency, fui 
FM). The difference berween the maximum and minimum frequencies of the modulating 
signal f^ is known as the modulation bandwidth. 

In general, moduiation uperaies by shifting one or more of the frequency, phase or 
amplitude of a carrier wave (0[ bet of such carriers) in accordance wiili the modulating 
signal s mstantancous amplimdc. Thii process creates sidebands around the central 
carrier frequency, and the difference between ihc highest frequency significant sideband 
and the lowest frequency significant sideband is known ihc transmission bandwidth. 
The complementar>' process to modulation, which takes place ai the receiver side to 
recover the modulating signal is known as demodulation. 

A large number of modulation schemes may be used to transmit information via RF 
emissions, and those Well known in the. an include frequency modulation (FM), various 
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forms of amplirude modulation (/\jM) (such as full carrier double sideband, suppressed 
carrier double sideband, and suppressed carrier single sideband), and phase muduldiion 
(PMl; and These techniques may be applied jointly (as with quadrarurc amplitude 
modulation or Q.AJvi, which combines amplitude and phase modulation), and in parallel 
across 3 number of carriers (a.^. for p.vample. u-ith the coded onho^onal frcqucncv 
division multiplex (COFDMJ used in The Oiqital Audio Broadcasting system, dct'mcd in 
ET5 300 401 rev. 2). The siruaiion is funher complicated by the emergence of spread 
syccuuui techniques, such as code division multiple access (CDMA), which uses a wide 
Transmission bandwidih ihai is shared by various transmining stations, each of which 
makes use of a unique cudc sequence lo allow the signal to be di<;Trn^ii5hed from that of 
the other stations. 



Fixed demodulation receivers, such as that shown in FIG. 2. are capable of oniy a smcle 
demodulation scheme. More advanced receivers can demodulate accoidinu ro a number 
of <;r.hemes. For example, a household radio will normally be capable of denioduidiinK 
conventional FM and AM, and will also be able to operate across a number of different 
frequency bands. Yet more .(;nphi^Tir.ated communications receivers, ofien referred to as 
'icanner5\ generally implement a large number of demodulation schemes, and can 
acquire signab over a ver>' wide range of RF frequencies However, even sophisticated 
scanners arc limited, in thai they cannot easily be adapted to demodulate signals using 
modulation schemes that are introduced after ihey are manufactured. 

FIG. -i showc an overview of q system proposed by Roseaa Lab:s in WO 9627949. in 
which a personal computinc device (PCD) 405 is connected to a coniinunications 
receiver 401 via an interface 402. The PCD 405 displays a man-machine intcifiice (MMl) 
403 through which the user can select the runing and demodulation options for the 
receiver 401. said infnrmatinn being iransmined to the receiver through the interface 402. 
The PCD 405 can receive demodulaTeri digital information from the device and then 
display ihc information using the MMI. It can al5;n receive general runing information, 
and signal summaiy information, such as an indication nf the received signal strencnh 
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(RSSI). Noie. however, thai u,'iih this system the PCD is only acting as a sophisiicaicd 
nining cnnrrnller anri rftproriucer - the demodulation is siill penofmed in a dedicated 
hardware receiver 401. 

FIG. 5 illusiraies ihe mechanisms used in the transmission and reception of inTeill£ence 
bv RF, knuwii in the uummuniL'aiion ans. At the transmission side 501. an originating 
applicaiiua '303 generates disiiui ddid 504, which is then Transformed through a number 
of digital protocols 532. These piotucuU rnav serve a number of different functions, and 
arc commonly arranged in a protocol stack, wl^icli may be analvsed according to the 
middle layers {2 through 6) of the Open Systems Interconnect niudcl pi uposed by the 
International Standards Organisation (ISO/OSI): 



5 - Session Layer 

Persistent connection management 

4 - Transpon Layer 

Safe end-io-end communication 

3 - Nerwr'ork Layer 

Addressing, luutiiiM and swiichinii across a 

network 

2 - Link Layer 

Link-based error dacction and correction 



7 - Application Layer 
Connection to PCD applications 



6 - Presentation Laver 



Formacring transforms for data (Tiie conversions. 



etc.) 



1 - Physical Layer 

How bits arc sent and received 
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For example, session control (layer 5) could occur here, as could foru'ard error control. 



<;uch as cnnvntuiional encoding and the addition of checksums (layer 2) Howevex. the 
imponant thing in the present case is that the result of the high level data protocols 532 is 
digital data 505/506. ready for transmission. 

The nrxi st<iv;c is lo pa^i ihc dau into a itiodulaioi, in order lu encode ii onto a signal 
iuiiablc for iranmission ai RF. This can be done in a number of ways. The fiiiU 
commonly used by systems which must send data over an existing analogue transmission 
system oricinally intended for audio (such as a voice-based telecommunication system), 
provides an audio frequency (,\F) modulator 508 which renders the data into aF 523, 
which is then passed on to a subsequent, higher frequency modulation stage 510, in much 
the same wav as AJ 507 cominu from a conventional audio source (such as a microphone 
50^) would be The second fann o.ener;illy more efficient) way to proceed is lo pass the 
data 5U5 directly lo the modulator 510. and then use an appropriate scheme (such as 
Q.^Ml to encode it, 

The information can be encoded either directlv lo Rf sienal 512 by the modulator 510. or 
encoded by mudulaiui 510 lu IF siiinal 5] ]. which may then be up-convened fby'313 
which will commonly involve a single or multiple superhei) lo RF siuiiial 514, In any 
case, after the modulator siacc 510 the information is generally embodied in analogue 



TheRF signal 512/514 is conveyed into theRF transmission subsystem 515 which 
provides the necessary huffermu.. matrhed emissjon antenna and so on. The information 
is then propagated through space as electromagnetic waves 516 

Tlicbc waves may be acquired by a remote receiver station 502. using an appropriate RF 
front end 517 (iccepiiun antenna, Rf amplifier etc.). The result is electrical RF signals 
518/520, which, depending on the receiver, may either be directly pasicJ 520 lo the 
demodulator 533. or passed 518 to a down-converter stage 519 (which will commoaly 



form. 
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involve a single or uiuliiplc supcrhci). in which \\ is shifted lo an iniermeaiaie frequency 
(IF) 521 and then passed lo dcmoduiaior 533. 

In any even:, the (generally analogue) RF 520 or IF 521 signal enters the denioduliiLor 
533, where ii id detected. In the case of analogue audio intelligence, the deiecied .\F 
signal 528 may (after amplificaiion) be passed to a reproducer 534 (such as a spcakei) 
u'hich allo^vs the original audio to be heard. In the case of digital data encoded within an 
.AJ signal, the recovered intelligence 524 is passed to an AF demodulator 525, which is 
used tn recover the low-level data stream 527. For directly encoded data, the demodulator 

produces the data .Nrr^m ]n either case, the data is then passed 526/527 lo 
higher-level, digital data protocols 5'iy. which pertbmn operations corresponding to the 
middle layers of the ISO/OSl model, The resulting data V^Ci is then passed to end-user 
applicaLiuiii 53 1 . 

Turning now to FIG. 3. we can 5cc how, in the prioi an. this arrangement for data 
transmission outlined in FIG. 5 has conventionally been in:ipleniented. Consider first ihe 
case of an inbound, or t^or-vard channel signal. Generally, an antenna 301 \s used lo 
conven electromagnetic RF emissions into electrical signals at RF frequency, which arc 
then amplified and subjected to coarse selection by an RF receiver stage 306 (these rwo 
Stages correspond to :5 17 in FKi ihpn brought down to an intermediate frequency (EF) 
by a down-convener stage 307 (commonly implementsd as a single or multiple superhet, 
correspuriuinx to 519 in FIG, 5) before being subjected to a detector .^raoe ^OR. which 
provides the primary deniodulaiiun lo di.i^iial information (or AF), corresponding to S^^ 
in FIG. 5. These three stages 302 are coiiuuunly implemented in a single device, such as 
a cellular telephone 320 or communications rcceivei 319. The resulting decoded 
information, corresponding to 526/524 from FIG. 5, is then passed to a higher-level 
system, which in the ease of AF provides secondary demodulation (as per 525 in FIG. 5) 
and m both cases provides much of the higher level data protocols (529 in FIG. 5). This 
stage 303 is generally provided by a plug-in hardware card 3 1 7 or an external modem 
315. and since it deals with digital or AF input the processes it performs do not directly 
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depend upon the daia havinc been sent over a radio link. The functions of boih 302 and 
.'>0j are snmeTime*; rombmerl on a single pluc-in card 321, The resulting data stream is 
then passed to che personal comnurinc device fPCD) ^1^ where ir is consumed by 
applications fthis corresponds to 531 in FIG. :j. At this srage 104 the device in question 
is .generally a personal computer such as an IBM-compatible PC 315. a 'perfinn.il digital 
assistant' (PDA) 316, ui uilici wise. 

A similar analysis may be made for the ccncraiiun uf ^iii uuibuuiid signal for back 
channel). Applications on the PCD 314 supply information (coi)espuiidin>: to 303/504 in 
FIG. 5). vvhich is then pasacd to a high-level protocol'modulation state 3 13 in device 
303. responsible for mapping the daiQ through the appropriate protocols fas per 532 in 
FIG. 5). and possibly transforming ii into .\F (this corresponds to 508 in FIG. 5V As 
wjrh input, the transformations in device 303 do not necessarily produce a signal ihat is 
.!?pecific to rr;insmi';sion over a radio link. >ince the intelligence is either AF or a direct 
digital representation on e.xu, (For example, if rendered to .\F. a conventional land-line 
telephone system could be used to .^enri the modulated infonnaiion to a remote terminal). 

The .aJ ui diiiiial signal is then passed into the radio communications device 30i which 
encodes the signal fgeneially lu analu.iiue IF: in any event corresponding to Ehe modulator 
S 1 0 of FIG. 5), up-convcns it 3 1 0 (generally usinu a single or multiple superhei 
arrangement, corresponding to 513 of FIG. 5) and then passes it to an RF ainpiifici 309 
and antenna 305 which emit the fmal signal (these wo corresponding to 5 1 5 in FIG. 5). 
The mapping to physical devices is the same for transmission as reception (other than the 
obvious requirement that the device, be it communications receiver 3 19. all in-one radio 
modem card 321 or otherwi.';e. haveRF transmission capabilities in addition to the 
reception mechanisms just mentioned) it i.<i much more common in such prior an system 
Lu find a transceiver or receiver-only implementation - transmmer-only implementations 
are faiily rare. 



20. FEB. '/OOO ?0: !0 




MARKS AND CLEkK 



NO. 0530 P. !9 



wo 99/10976 



PCT/GB9S/02583 



0 



In die priur an. ihc use of special hardware, such as digital signal processor imegraied 
circuits (DSP ICs) or analogue deieciors isucli as a laiio dcictior for FM demodulaiion) 
have convcmionally been employed. However. DSPs arc expensive to pioducc. 



of them), and difficult lo update in rhe field lo cope with new modulation schemes. 



protocols. For example, ihe coded onhogonal frequency division multiplex / diffcrcnrial 
quariranire phase shift keying (COFDXi/DQPSK) modulation of the ETSI Digital Audio 
Broadcasting (D.Aii) Rpecificanon standard FT5I 500 401 rev. 2). is quite beyond the 
scope of analogue decoders, 

There a ^ciicially ackiiuw'lcu.iicd need to provide inexpensive, flexible access to high- 
bandwidth RF w'irclcss data services, includiuii buili furv»'ard and back channels, to users 
of PCDs. However, prior an PCD radio modems, such as 321 in FIG, 3. are generally 
either very expensive, due to the use of DSP ICs, or unable to transccivc ai high data 
rates (because they make use of simple, analocue systems such as binars' frequency shift 
Veying (BFSK). and therefore cannot take advantage of modem high-throuchput schemes 
such as COFDMynpSK or COFDM/QAM). In either case, such modems are generally 
inflexible - they are de.<;igned rn handle nnly one (or a small number) of modulation 
schernes and RF frequencies, and funhermore. generally rtn nnr provide foru'ard 
conipaiibiliiv - adapung an existing RF modem to a new communicaiinn.s prnror.oi 
usually means buying a new niudcm. ur having an troublesome hardware upgrade 
performed on the device. 

It is, correspondingly, an object of the current invention to provide an RF 
communications appararus, intended for use with a PCD and a suite of software running 
thereon, which provides an economical communications system that can easily be 
adapted lo different modulation and demodulation schemes. 



expensive to customise I'^or a particular application (since few engineers have experience 



Analogue detection circuitry, on the other hand, tends to be extremely inflexible, and 
cannot cope with the emerging breed of complex, and primarily digital, transmission 
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According to a fnii iiipcci of ihe presen[ invention, there is provided communicannns 
appararus comprisine means for leceiviny a modulated radio frequency signal, at least 
one means for down-convening s received modulated ladio-frcqucncv signal, means for 
dicitisine a down-convened signal and means for exponine at least a pan of the digitised 
modulated signal to a personal computins device. 

According to a second aspect of the present invention, there (3 provided communicaiiun^ 
appararus comprising means for importing a digital modulated signal from a personal 
computing device, means for convening the digital modulated signal to an analogue 
signal, means for up-cnnvming the analogue signal to a radio frequency signal and 
means for transmitting the radio frequency signal. 

In a biOiid icnse. the invention is desijjned lo explnir the extremely fast main processor 
integrated circuits (ICs) and lariie memory capacity available within ?CD^ panicularly 
IBM-PC compatible machines. The processor chips fined to such systems are often 
capable of outpcrfonning dedicated digital sigual processing (DSP) ICs. and have plenty 
of spare computing capacity (and other resources, such as mcmorv*) available when the 
user IS performing the tasks for which PCDs arc commonly employed, such as editing a 
.^pre;id<;hf^et, ariting a letter, browsing files, and suchlike. The cost of the said main 
processor IC is high, but the user has already paid for the device when he or she bought 
the PCD (unlike the case of the DSP. which must be included in the price of a DSP- 
cguipped radio modem). In any case, the extremely large and competitive market for 
PCDs means that the cost per normalised computational operation (NCO) is lower for the 
main processor IC than the dedicated DSP. Funhermore. the ubiquity of such ICs ensures 
the existence of a large number of sofiwarc engineers who are familiar with coding for 
such architecrurcs, and the presence of advanced development tools to facilitate their 
effoas. This must be compared with the specialised world of DSP programming, with all 
its anendant expenses. 
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The present invention thus exploits the availability of 'spare' compuiinc capacity on the 
very device id which the user uishes to connect a radio receiver, transminer or 
transceiver (m order to gain access to information sert'ices and other RF broadcasii. 
whether analogue or digital) Ir thus henetici;^! to make use of this capacity, rather than 
10 replicate il by embedding an expensive DSP inrn the transceiver hardware (or to use a 
restricted analogue component system ). One of the key advantage.^ of the present 
invention is thai ii provides the ability to do this, incorporating a communications 
receiver, tiaiisiniaci ui uaribccivcr 'fruni end* to a digital IF data purnp, which is capable 
_of communicating with adaptable sofrvrare diivcr^ in the PCD over a high speed data bus. 
The drivers are responsible for convcains the digitised IF tu the modulating data 
contained therein, and t'*or synthcsisins digital IT representing the mudulaied components 
of any outgoing transmission. The ability to use PCD-residcnt software, and PCD main 
processor cycles, to process the IF information (whether inbound or outbound) is a key 
fe^nire of the common invention h allows the device to be manufactured at a rclativclv 
low cost, yet be able in process complex, hich-bandwidth RF signals (with a 
correspondingly high bit throuL'hput). hp c;ip;^ble of handling a wide variety of 
modulation protocols, and be easily extendible in cnpe with ne.w (or modified, or 
previ^u^ily unaddressed) modulation protocols, wiih the simple addition nt 'pkig-in' 
software modules on ific PCD 

Other optional features of the present invention will be apparent fiuiii ihc aiuched 
dependent claims. 

The present invention will now be described by way of example with reference to the 
accompanying drawings, in which; 

FIG. 1 is a functional block diagram showinc the major components of one embodirneni 
of the radiu frequency (RF) adaptor of the present invention. As i.<; the case with all the 
drawings, only the major conirul and data flows are shown; minor control and data tlows 
are not. 
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HI(J. 2 IS a funciional block diagram of a frequency modulaiion (FM^ receiver for 
cnnvenrinnfll ^vidio broadcasting, as is known in the prior arc. 

FIG. 3 is a funcuonal block diagram showing the cnnnecrion ben^'een a radio frequency 
receiver a hardware modem, and a personal compuiing device (HCD). a.^ i.^ known in the 
piiur dii. £.\dmplci uf iiysicms embodying the various stages are also shown. 

FIG. 4 is a functional block diagram of an RF scdimin^ radio conirolled by a PCD. as is 
knoN^Ti in the prior an. 

FIG, 5 is a conceprual protocol stack diagram, illuscratinc the cnd-to-cnd process of 
content transmission and reception usinc RF signals. 

FIG. 6 is a fnncTinnal hinck di^^^ram of the Antenna Conirol Unit of the RF adaptor of 
the current invention (corre.spnnding lo 10"? m FIG. 1). according to a preferred 
embodiment. 

FIG. 7 is a functional block dia.Liram of the radio frequency (RF) reception amplitler 
stage of RF adaptor of the current iiiveiuloii fcorrcipondinti to 104 in FIG. 1). according 
10 a preferred embodiment. 

FIG. 8 is a functional block diagram of the down-convener stage of the RF adaptor of the 
r.iirrent invention (corresponding to 105 in FIG. 1), according to a preferred embodiment. 

FIG. 9 is a functional block diagram nf rhp (inboimd) anti-aliasing bandpass filter unit of 
ihc RF adaptor of the current invention (corresponding rn 1(16 m FKi. 1 ), according to a 
preferred embudimem. 
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FIG. 10 is a funciionai block diagram of the analujtiuc \u uiuiial convener (ADC) unil of 
the RF adapior of rhc currcm invcniion ('corrcspondins lo 107 in FIG. 1 ). according 10 a 
preferred embodiment. 

KI(_T. 1 1 is a funciional block diagram of the inisnace manacement unii (LVfU) of ihc RF 
adapmr of The curren: invp.nrion (corresponding lo lOS in FIG. 1), according ro a 
preferred embodiment 

FIG. 12 is a funciional block diagram of the riio.nal to analogue convener (DAC) unil of 
the RF adapior of ihe current inveniion (corresponding to 1 1 n m FIG. 1 ). according lo a 
preferred embodiment. 

FIG. ITms a functional block diagram of the (uuibuund) anti-aliasinu bandpass filler and 
combiner of ihc RF adapior of the current invention ( toiiciuundinki to 1 1 1 in FIG. I), 
accordinG to a preferred embodiment. 

KIG 14 is a functional block diagram of the up-convener stage of the RF adaptor of ihc 
current invention (cnrrf^.^ponding lo 1 12 in FIG. 1 ). according to a preferred embodiment. 

FIG. 15 is a funciional block diagram of \he RF transmi.'.sinn amplifier stage of the RF 
adaptoi' uf the current invention < corresponding lo 1 1 3 in FIG. 1 1. accorrimg to a 
preferred cmbodimeni. 

FIG. 16 is an exploded diagram showing an cmbodimeiiL ufthe RF adapior of the curreni 
invention fmed as an internal card (such as a PCI card) within a pcrsondl computing 
device (PCD). 



FIG. 1 7 1$ a rear view of a personal computing device (PCD), showing how r^o different 
embodiments of the RF adaptor of the current invention may be connected; one via a 
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high-speed parallel bus tsuch as the SCSI busi and ihe orher via a high speed serial link 
(such as the USB). 

FIG. IS is a ihrcc-quancr view of a ponable persoiiiil compuiing device (PCD), showing 
how an cmbodimeni of ihe RT adaptor of ihc curreiu invention, in the form factor of a 
PCMCIA card, may be fined lo said PCD. 

FIG. 19 is a functional block diagram of the software driver 3iruccurc which exists uii the 
personal compuiinu device (PCD) to which the KF adaptor of the current invention is 
fiaed Acrordmg to a preferred embodiment. 

FIG. 20 is a functional block diagram showmp. the major components of one embodiment 
of a simple radio frequency (RF) receiver adaptor of rhe. present invention. 

FIG. 21 is a flov^'chari showing how a simple demodulation process (in thi.s c;i.<;e. of a 
signal modulated using binary ficLjucucy iliit'i keying) may be peiformed by driver 
sof^^vare running on the personal computing device (PCD) lu which the Rf adapter of the 
current invention 13 fined, Qccordine; to a preferred cmbodimeni. Only the physical iaver 
of the ISO/OSI model is shown. 

FIG. 22 is a tlowT.han showing how a simple modulation process (in this case, using 
binarv' frequency shift keying) m;iy hp. performed by driv^er software running on the 
pciaunal computing device (PCD) to which the KK ariAprer of the current invention is 
fined, dccordiiig lu a preferred embodiment. Only the physical layer nfthe ISO/OSI 
model is shown. 



In the following text, a detailed description will be eivcn of the various component pans 
of the preferred embodiment of the RF adaptor of the cuucni invention. 
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A very simple, fixed cenire frequency, rccciver-only enibodiiJiciii uf ihc RF adaptor of 
che curreni inveniion is shovr-n in Fig. 20. An antenna 2012 acquires RJr iraasjniiiiuni 
and feeds ihcm into the device 2001 as electrical signals 2007. There, the signals are 
amplified and subjected to a degree of frequency selection by an RF amplifier 2002. The 
resulting amplified RJ signal 2008 is then passed to a down convener 2003. which, usin^ 
a fixed frequency local oscillator superhet arrangement, selects the appropriate bandwidth 
ixv.^M and shifts it down in nominal centre frequency to a low intermediate frequency 
(IKJ (lignal Thi.t; iK .Nignal 2009 is then passed into an analogue to digital convener unit 
2004 where it is passed ihrough an ann-;^li;^5inq filter and then diaitised. The resulting 
digital data stream 2010 is passed to an interface manatjement unit (IMLi) 200.\ which 
controls access to a high speed bus 201 1. through which the (still moduiarpcl) dicitised IF 
the personal compuiine device (PCD) 2006. As the data i?; received 
is processed by software modules contained therein to provide 
zher level data processing. The demodulated data is then either 



sitnal is passed imu 
into the PCD 200G ii 
demodulation and hi 



stored or presented to a user 



The overall scheme 
transmi.c;.<;inn anri 
frequencies and 
level block diagram 
adaptoi device 102 o 
the antenna 101, and 
matching, switching 
breakthrough. The 
provides a degree of 
RF signal strength). ' 
however, since ii wil 
PCD proces.'^nr iCs 
(ADCs). Since the 
nominal centre 



rerj^pt 



banc widths 



frequtincy 



operation for a more complex system, capable of both 
ion. and able to operate over a number of different nominal centre 
s, may he.<iT be appreciated with reference lo FIG. I (a high- 
howing the major compnnp.ms of one embodiment of the RF 
Fthe current invention). In the system. Rh .<;ignal.'i are acquired by 
passed 1 15 into an antenna control unit 103. which provide.s varinus 
ind diversity funcilons. and provides IF traps lo protect against IF 
r^uhant RF signal 116 is then passed uuu an RF (amplifier 104. which 
lelectivity (variable, uincd response) and scnsitiviiy (by buusiing the 
he amplified RJ signal is not amenable to direct digital processing 
often be at 100s of MH2, which is well above the ability of current 
data transfer busses, not to mention analogue to digital converters 
bajndwidth of the signal is what is imponani, however, and not the 
' at which it is transmined. the RF signal 1 1 7 is next passed into 



aiid 
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a down-convener i05. which uajisiaio ihc d«iicd frequency bano lo an appropriaie 
intermediate frequency (IF). The down-convcner alsu provides addiuonal seleciiviiy and 
amplification of the desired sienal. 

The IF signal 1 18 is then passed into a bandpass filter system 106. the primar\' Durposc of 
which is to restrict the higher frequency components of the sienal. to prevent aliasing of 
The signal captured by the analogue to digital converter (ADC) 107. inio which the 
filiereri IK ?ignal 119 is nexi passed. The purpose of the high speed, high precision ADC 
unit 107 is to renrifir a rlignal. sampled version of the IF waveform, which is then 
amenable to funher digital prnre^^ma.. The. Higiiised data stream is passed (on a 
continuous basis) across data bus \2iJ lo the interface, management unit (IMUl 108. The 
purpose "of the IMV is to manage all system functions within the devicp. and to control 
the tlow ufdaid bciwcen the device 102 and the PCD 109. Inbound, the digitised Ih 
signal is buffered wiihlii ihc LNTU duil iran^fcrred lo the PCD 109 as appropriate, using a 
fast bus 1 14. 



The inbound, digitised IF signal is then processed by software modules wjihin ihe PCD 
109. making use of the aforementioned spare capacity (as and when available) on the 
FCD s mam processor IC (or ICs). These modules demodulate and decode the IF signal, 
and provide any higher level prntncnl hanrthno. (including secondary, AF demodulation if 
needed) that may be necessarv*. Data ihus recovered may he used by applications running 
un ihc PCD. or passed along to other systems as desired. 

When data is to be transiniucj auin the PCD 109 by the device 102. the software 
modules running on the PCD 109 must first perfonn anv iiccessar>' encoding and 
modulation (including high level data protocols, and initial AF luudulation if desired), 
thereby yielding a synthesised digitfll EF signal. This information is pa^icd via ihe high 
speed bus IHtothelMU 108. where it may be buffered before being streamed 121 to a 
high speed, high precision digital to analogue convener (DAC) unit 110. This convcns 
the digital IF signal into an analogue representation 122, which must then be sent through 
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an anti-alia.<;ing fUter 111, ihe priman' purpose of which is to remove unwanted high 
frequency components which are a nanjral by-product of the digital lo analogue 
conversion process. The filtered IF signal 123 is then passed into an up-convener unit 
112. which shifts it upwards in nominal centre frequency to the appropriate range for 
transmission (which will, of cuurse, var>' depending on the sen.'ice in use) The up- 
converter also provides signal amplification and selectivity at the IF ranee 

The resulting up-convcncd RT sienai 124 is passed into the (outbound) RF power 
amplifier 1 13. which increases its strength to a level appropiiaic fur ir^nsmission. This 
amplified sitznal 125 is then passed to the antenna control unit 103, where ii ij Lunnccicd 
to the appropriate antenna 101 for transmission. The antenna 101. which mav be shared 
with the re.c.e.\ve.T antenna or distinct from it. then emits the RF signal as clectromaenciic 
waves, and the cycle k complete. 

The device is capable of receiving and tran.<;mining information over a wide number of 
nominal centre frequencies and signal bandwidths. Control mform^tion affecting the 
frequency ajid bandwidth scleciiviiv of the device is generated by the drivers on the PCD 
109. under ultimate control of a maiiMiidcrnnc interface (MMI). This information is 
conveyed to the IMU 108 over the data bus 1 14, and ii ihcn relayed bv ihe INfU 108 to 
the various other component modules of the device 102 over the control bus 126, This 
bus is also used to transmit penormance information (such as signal strcngih indicaiions 
and tuning teedb;ic)c) from the modules to the IMU 108. and betv^'een the modules 
themselves, 

The device is capdblc uf operating in a full duplex mode (simuitaneniiR receive and 
transmit), as well as half duplex (receive and transmit, but never at the same time) and 
simplex (only either receive or uansuiii, but not both). Outbound transmissions can have 
a completely different modulation scheme, bandwidth and nominal centre frequency 
from the received signals, if desired. The device 102 is aUu able to 'scan' through 
various bandwidths and frequencies. Alternatively, or in addition, 'scaniiiii>;' through 
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modulaiion schemes may take place atihe PCl) 109 side, to acquire a signal of interesi. 
Note iljdi ihc svsiem can also process digital oining infnrmanon contained (as diciia! 
intelligence) withm ihc inbound siLinal. co allow it to effect a frequp.nry (and possiblv 
modulation) transition to "follow" the iJiiiibmission. which is useful for channel-hoppinc 
schemes ('and for 'handovers' between services, for example D.'^B (Digital Audio 
Broadcasting) and conventional TM). 

As will be appreciated, the dcN'icc 102, connected to a PCD 109 as per the above 
description (and as discussed in greater detail in the followinc text) provides a unique 
low cost, high value RF transceiver system alihoueh the receiver and iraiumiucr mav be 
prnviriftfi independently. This system is ver.' flexible, and may be made compaiible with 
future mndulanon standards through changes to the PCD software. It can operate on 
wideband and narrowhanri rrnnsmissions. and can ( with the appropriate sofrwarc drivers) 
receive and transmit single carrier, multiple, carrier and spread spectrum signals 

The various coinpuiiciii:) of the preferred embodiment of the Ki adaprnr of the present 
invention will now be discussed iii iiiOic detail. 

ANTE^^'.^ control unit 

The firsT Quch component is the antenna control unit, corresponding to 103 in FIG. 1. dnd 
Shown in greater d^^tAil m FIG. 6. This subsystem 601 Is responsible for managing the 
connection of the various RF amnlificanon stages of the transceiver (both receive and 
transmit) to a sec of antennae 602. The purpn.<;e nt any given antenna in the set 602 is to 
convert outbound RF electrical signals into RF electrnmagnetic emissions, and inbound 
RF clectromazneiic eiiiibiiuns into RF electrical signal.^;. The antenna switch 603 selects 
which antenna from the set 602 is lu be connected to the RF outhr>und signal path 610 
and/or inbound signal path 623. This system allows a single antenna to he shared for 
transmission and reception, cither in a half-duplex switchover mode, or in a mixed signal 
mode, and also provides the basis of o multiplexed antenna diversity system. The switch 



20. FED. 2000 20: u 

wo 00/10976 




NO. 0530 r. 28 



is (uliimaiciyj controlled by the operatine mod; selected by ihc end user and conveyed to 
the PCD system ( 1 09 in FIG 1 ) via a MNfl. this information being iraiisldicd inio an 
antenna switching prot"ile by the driver sofnvare (discussed later), which communicates ii 
TO rhft inreriace management unit (lOS in FIG. i). which in turn issues iow-|cvel 
command.; to ihs antenna switch 602 through the control bus 60S. Wirhin the antenna 
subsystem, a bus mansgemeni unit 607, co-ordinatss the main flow of information 
betu^een subsystem component."; and the mam feed onto and from the command bus 621. 

The antenna luninc and matching unit (ATMU) 604 provides a number of functions. Its 
primaty purpose is to couple the selected antenna or antennae from the .ser 602 to the rest 
of the system in an efhciciit manner. In the preferred embodiment, ihis system will 
include switchablc baluns. a variable IF uap (consisiine of a set of parallel resonant 
circuits, or equivalent surface acoustic wave or Ci'yiial filters, ained to the IF frequencies 
injected elsewhere in the receiver, connected bcrv-'ccn each chosen anicnna and eanh). 
and other systems as are well known in the an to rune a panicular antenna lo receive ui 
Trfln«;miT within a panicular frequency band. It also provides a degree of transient 
Isolation between the antenna set 602 and the rest of the system. Control inpui is passed 
to the ATNfU 604 via the command hii.^ (SOS and hence through control line 612. which 
will dlluw selection of different baluns. IF filter rejecnnn prorlle. and so on. 

The aTMU 604 is connected to the RF icccpiion and transmission pans of the system, 
via an inbound 616 and an outbound 617 line. Fccdi taken off the raw" signals to and 
from the ATMU 618 and 619 arc passed to the antenna performance monitor 605. which 
also receives inputs of the signals 623 and 610. The performance monitor is ic^punbible 
for derermming metrics of the degree of 'match' that has been anained between the 
chosen antennae set and the signal feeds to and from the rest of the system, such as the 
voltage standing wave ratio ( VSWR). These metrics are also used to provide safety 
switching, closing off the tranc;mi^.5ion system when no antenna is available (because the 
user hiii disconnected it. for example). Information from the antenna performance 
monitor is fed back 615 onto the control bus 60S. where it will he used by the interface 
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manaBemeni unii (and hieher leve! sofn\'are in the PCD) lo make qualrry nt'.ser\'ice and 
anieniid maiciiiim and swiithine decisions 

Finally within this subsystem, ihc opiional aiucnna irackin? controller 606 is used for 
those antenna which have elecironically controlled vaiiablc rcceoiion capabilities. For 
example, a satellite dish system might have the capability to luuvc the dish through a 
particular sweep, and this functionality would be controlled through the aiucuiia tracking 
controller. As another example, external antenna systems with built-in amptitlcrs would 
have their gain controlled through this system. In one embodiment, the trackinu 
controlier is an inpui^output IC. with lines 613 that can be programmed, modified and 
inrerrop.aied by hi^h-level drivers running on the PCD. via the control bus 614. This 
arrangemeni aliow.(; rhs fl^^yihiiuy to evtend the system to control many tvpes or antenna 
and primary' signal acquisition systems 



The inbound signal 616 is passed from the amcntrd cunirul unii 601 to the RJ reception 
amplitler. corresponding to 104 in FIG. L and shown in deiail l/i FIG. 7. The RF 



electronically controlled bandpass filter, 702, which provides a first rejection of signals 
outside the desired band. This illter may be switched out of circuit entirely when desired 
(for very weak signals), The re?;iilTin2 filtered signal 720 is then subjected to the 
wideband radio frequency amplifier 7 1 8. The amplifier may be amed to provide some 
degree uf sclcciiviiy towards the inbound signal 720. and to suppress the formation of 
undesircd image, crossMnodulation and intermodulation products within the ^luhsequeni 
down-conversion stage; generally, thii will be provided by a post-ampllfication bandpa<;s 
filter incorporated within the unit 718. The centre frequency and bandwidth of the 
bandpass niter 702. and the coarse tuning provided by the RF aiiipiificr 7 IS, are selected 
by the rough tuning controller 704, through interface lines 714/713. This tuning ii 
ultimately under the control of the MMI on the PCD, which then, through the appropriaic 



RF RECEPTION AMPLIFIER 



electrical signal 708 into the ampliilcr subsection 701 is first subjected lo an 
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sot'nvare driver modules, sends luning commands to the IMLi. which in turn sends 
commands via the control bus 7U7 lo the RF re^r.epnon amplifier 701 finier alia). Within 
the amplifier subsystem 701. the bus management unit 706 manage.'? rhe flou^ of 
information lo and from 717 the conirol bus to components of the subsystem, mriuding 
ilic dfurcmcniioncd lunins: coniroi (via 715) 

The aiiiplifici unit iiielf 7 1 3 cunsisLi. in one embodiment, of a set of switchable 
amplirlers. each with a dlsiinci 'tlagerpiiiif uf bandwidth, gain, frequency and phase 
response. In such a system, the appropriate arnpliilcr is swiiched iiuu circuit by the rough 
runinu controller 704. in the preferred embodiment of the system, howevei. a sin.t:lc, 
relatively wideband amplitler is used. v.'iih tuning effected by an integral digitallv 
Gontroiied bandpass filter unii managed by the rough tuning controller 704 through line 



Of course, a primar>' purpose of the Rt- amplifier k to provide a degree of sicnal gain. At 
nominal reception frequencies below around 3MH2. the amplifier will ht^e.i to have ver\' 
low gain (ur be swicched out of circuit altoaeiher). because the overall signal-to-noise 
ratio (SNR) will not be improved by amplinciiuun. Ai higher frequencies, the noise 
picked up by the antenna (relative to the noise generaicd in ihc receiver) falls, making RF 
amplir'ication wonhwhile from an SNTl point of view, Overall level opuiiiiiaiiun lu 
subsequent subsections of the transceiver, panicularly the down-convener, is achieved by 
sening the appropriate gain. This is managed by the primar\' gain controlier 712, which 
has a coarfLe mput set (in the manner now familiar from the preceding discussion) by the 
PCD*resident driver software, communicating via the IMU and control bus 707 under the 
supervision of the bus management system 7U6. Through control line 719. Note, however, 
thai the amplifier subsystem 701 also contains a primary gain monitor unit 705, which 
accepts prc-fihcr 712, posi-filier 721 and post-amplification 7lU signals, and computes a 
continuous signal sucugth metric fur each one. This system feeds its results 706 via the 
bus management unit (DMU) to the command bus 707, for the ultimate consumption of 
the PCD-resident drivers, but is also capable of operating iu d direct feedback automatic 



713 



20. FED. ?000 20: !5 MARKS AND CLERK NO. 0530 



wo 99/10976 PCT/GB98/02583 

gain conrrol mode, in which the ii)furmiiiion computed is passed 71 1 lo rhp primar>^ gain 
controller 72;, lo allow rapid cqualisaiion of the signal. Note that the amplifier 718 
should exhibit extremeiv aood iincariiv. 



DOV\n^'-CONV'ERTER 



Having undergone ampiitkaiion and selection within the RF reception ampiifjci 701, the 
Rf signal is next passed 709 to the dou-n-convener stage, corresponding to 105 in FIG. 
K and shown in detail in FTCt X, The overall purpose of the down-convcrrer sraee 801 ib* 
to render an amplified version of the desired signal at a much lower nominal centre 
ficqucncv (but with identical bandwidth) to the received signal. The goal is to bring the 
signal down lu ^ frequency where it can sensibly be digitised and fed into the PCD in the 
aubseaueni stages of ilic bvsiem. Primarv' signal gain is aUo possible at the down- 
convener stage, aided by the faci iriai a known nominal centre frenuenry (at some point 
m the down-conversion chain) may be auained. easing amplifier design (p;^nicularly with 
regard to bandwidth / frequency response). 

The incoming, amplified RF signal 516 is passed through a number ofiuperheierodyne 
stages SOS.. .821 w^hich are responsible for shifting ihe signal to an appropriate FF poini, 
pruviding filtering to remove unwanted components, and amplifying the sienal to a 
useful level. In the preferred embodiment of the RF transceiver of the current invention, 
there arc a total of four primary superhet stages (only two 808/821 are shown in the 
diagram, for clariiv), followed by a quadraaire superhei XOQ. although designs with few'cr 
or greater number of frequency conversion stages are possible. Each .superhet may be 
switched out of circuit if required, under coiuiul of the intermediate tuning cnniroUer 
807, which receives input from the driver sofrwaic un the PCD. via the INW and the 
command bus 810. As before, a BMU 803 is responsible for managing the 
intercommunication 861 between the bus 810 and the local modules. It provides the feed 
863 to the intermediate tuning controller. The controller in rum sends mcssauts to each 
uf the superhet stages via cnmmand lines 826/827/525. 
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in .n aUer^auve. embodim.u designed for ma.mv.n. frecuencv agilUy. a r.c 

. - erha 5ta"e^ is provided, each of which mav be sw.tched m or 
dimensional matrix 01 suyerhci sta.e. is pr 

,Ke coouo, .f d„vc„ n.n.., o. .He PCD. In =p.^>- 



si.ib-UHF Rf • 



,1, . ... cen.. ,-.e,ue„c, Tl.is p.oc„s c.vU.es ... i.age f.puencv 

A -I ow.Power RaJi» rr=.,«-cy ICs fo, Poaabie Commmuc.on, . pp. • 
;„ ur... L. Rf M,e.o..ve Ci,c„„ „e.,„ for ^V,„,.« Co..-.--...-- 
Anec. I„c . No.v„od. NU, USA.,, rendcin, .cchn-„u. .,v....aMe 

' ' - I scheme: s„ch,,analoeuefMa..dccrT«inmuhi-c>mersys>ems. 
numtier 01 mojulaiion scheme., lu . 

™,o„ ,s however use...l for such schc.es as binar,- FSK (frequency sb.f. 

Direci conversion is nowcvci 



keying)- 



. .ore .e,.ied vie.o, .ba funcoba, composes of on. of.be ..abdard sppe, e. s ^ s 
;s shown .n m The,bComin, RF si.n.1 P»"" ' "\ 

U ,s combine. w„b a fre,ue„cv 8« from a v„,ab,e inca, osei,.a.or (VtO, S... n a 
„eferre. en,bod,me„., .be VXO is .mplemenren .,„g d,gl.a. s,„.bcs.,cr .ecbnolo^y, 
Iw a Wide fre,ue„ey ran^e. e«,i>e.. aec.racy. and rapid reconf...,a.,on, Ho.ever, 
.be, e.bod,.e„u are cleariy possible. ,n one s.cb ar,a.,,em.b,, .be f,rs. s.a,e o, 
dowb-CObversion use. . synrbesised VLO Si., .be frequency of wb.cn may be seieCed 
by ,be feed 84„s:«27 from ,b. m.ermediare .unibs con.rolU, 807, bu, s„b,e,u.b, 
s,.„s use f«ed frequency osciiia.o,.. .0 reduce cos. and oompiexuy. in ano.her 
^In^cmen., a varaaor d.ode sys.em. rarber .ban a dieua, frequency syb.bes.ser. ,s used 
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.0 ee.c.-.c .he LO s.^na. 8.5. In vet another a..n.ucment. .n which the cap.re rate of 
.H;...o.ue to digital convener (.^C) sta.c (107 ,n FIG. 1) .s .ufncientlv high that the 
^ ..nal'^av directiy be di.iti.e. and U is not desired to perfon. .naiogue quadr.u.e 
cn'fre oo^n-convener sta,e SOI .ay be o.>ned Note also ... although the .vera,, 
purpose of the .nwn-conven.r SOI i. to sh:ft the acqu.red RP s-gnal to an accc.bic IT 
(or to ba.e.b.nd. or even OHz IF. if appropriate), the reduction ,n nommal ccuue 
frequencv need not be mon.tonic .cross the superhet .age. For example. . .nav be 
adv.nt.Peous, for cenain frequency ranees, actually to .,p-convea the ..nnal >n the early 
superhets. to assist m the reduction of .maae freq.e.noes ,n the later .tage3. 

The result of the m.xer 83 1 then pa^.ed X4i into an IF amplif.er S32. which will 
.ncrease the strength of the s,.nal, In a preferred embodirr..u of the RF adaptor of the 
cuncnt invention, wideband IF ampOners are used. However, it is .ho poss>ble to 
p,ov,de a dcree of .elect.vuy hy using mned IF an.pliners. In one altemM.ve 
cn.bod.ment of the sv.e.. the IF amplif.er. 332/836/B38 are tuneable under ,ottu-are 
control, ulumatelv v,a the feed 847/559/826/827/825 t>om the inter^ed.ate tunmg 
controller 80. 'I he gain of the IF a.phf.cr sta^e . set by a fee. 864^5 , WS 12/8 13 from 
■ .he .ntern,ed.te gain comruller subsystem 802. A. in the stages, taps S21 arc taken 
off , he ...na. a. it pro..ess« through the .aae SOI. ann these feed both an .n.er.cd.te 
ca.n monitor 504 ..d an intermediate .nrng mon-ror 803 The gain .uonuor rcpoas 81- 
overall metri.. of signal strength gain to the nr.vers on the PCD via the BMb 803, 
control bus 810 and IMU, It also has . .witchable feedback path 820 to the intern.ed>a,e 
ga.n controller 802, which allow, an auiorr^atic gain .ystcm (AGC) to be employed where 
desired wh.ch is useful wuh consiani-envelupe modulation schemes, such as 
COFDWQPSK or conventional FM. Thi. system can be disabled for other, variable 
envelope schemes (.uch as AM), for .hich u may not be appropr.ate; ..ter.a.ively. wuh 
a suff.ciently long miegration tune for the .gnal metr.cs with.n the gam monuor unu 
8 1 5. even some variable envelope schemes may enjoy the benefus of AGC 
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5;nfnvare in ihe PCD. 

T.e ..e™>.dUu .n.n, ™on™r SO, p.cv,d=s of ™eui. i».c.,., .eg,=e of 

„ef=„.. .™odi.». ,h,s .i„ ,nvo,.c . i«n -he of a of .ha.e-,oc«. ,ocp> ,0 
L,a,= pha. =.or .„n.,s Th.. .ncnc, .re .pon.. b>c. ,o PCD d,iv„. v. 
;h.„nd however. . fee*.* p«h 860 . =,so pro.de. ro ,*e ,n.™ed,a,c ...ng 

.,„i,ed. one u« of .h. wo.d he .o .h.f. .he i.eco. X-LO f.e,.e-=s ,n .he =upe,he. 
S08-S:.«..V ensure .ha, a '.oe. .as ..,n,a,ned on a ,„na,, where .he „o.,na, ee .re 
f,e,.,enov of ,he sUna, wnderin, on .he .pecn,. due . poo, .r.n.™ner ..ah 
a J,„ co.pen.a.e for an, >ac. of aee.ac,, or dr.. ,n ,he S.O on,.. .he..e.,ves. 

The a„.p.if,=d >i.na> 8« "n.am undesirable u,od„..,.o„ componen... which are 
a,e„ ane„ua,ed hv ,h. bandp«« f.I.er S». af.er wh,=h .he eonv,r.on ...s.ase 80 ,s 
complce and ,h. si.nal passes on 8«.'5:3'»:: .o .he „ex. sol>...a« In a preferred 
.„.oci.en,. .he pha.e and fre,ue„.v .ransfcr f„ne„on of .he bandpass nirer 8» are 
e,e=.ron,caliv c.n.rolled. by sW,,.als sen, v,. a l,n. 8.8 from ,he in.=rr,ed,..e runms 
controller SU7 

, he ini.iai supohe, s...es 808. .8:, are nnn-quadrarure u„i.s, opcra.inoon si.nals only 
i„ ,he in-phaae- or V mode The o.„pu. of one s.a„e is fed in.o .he inpu, of .he nex. 
,e . S'3 feeds inro 821), However, in a preferred embodrmen, of ,he sys.en, .he final 
»perhe, s,a=e 809 is able .0 operare in a quadrarure mode frwin down-conveners 
ope,a„n. w" h V-LO s.gnals of Iden.ical fiequenev bu. Rn. „„, of phase, 830 Shows .U,s 
subsys..m in »,ore derail. The inbound signal 840,.8;2 ,s spli. ,n», r^vo One signal ,s 

he.erodvned in ..«r I 835 wl,h n phase V signal 865 fro. .he VXO 8« ,o 

produce .he . outpm 850. which is ,hen boos,.d in If amplifier I 836 ro produce .he i 
channel ouipa. 855/818. The o.her s.enal is he.erodyned wi,h a ,uadra.ure fQ ) LO 
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If, 



6 



nf \T0 840 ihroi.ch a swUchable phasc-shifi 

. K ,^r;,mre -hift sv^iem may be swiichcd ot. il ae^reo 
°" ^ , , ,,Ke. -r .e^ the ennre sub-unu n>.v be crcumvent.d .f 

^^'^ " " C — - - " 

claritv). If The svsiem li s\NHchc(3 Oii or 

a valid Mgnal for p.uc«sira by the rest of the system. 

» nr^-fprred embodimeni. ihe \T-0 

... . . ...... .» = 

-ilrr tKrouch line 857./S13. and there .s a pass-through 
by the intermediate gain convioUcr througn 

control S66 tor the gain of amplif.er 1 836 ai.o provided. 

fnr The Quadrature superhet SVStem 309 .s to provide for eft.cient 
The pr\mar\' reason for the quaararure i 

Vn analysis of the signal s.hen subsequently taken .nto the PCD 
ANTI-.\LIASING BANDPASS FILTER 

b,en do.n.conve„.d ,o . .o,.a.= f.,ue„c. ,.e nex, . P- 
,„.,„„d ..n.. (or .'Q ^.S-" ,c .h. a„u..,.,ns b^ndp.. 

;„.„,'co..po„d,. . -0. . P,C. ..d de.„ in HC .^^^ 

J.e .su.=d fr.™ ...» poi". .... - »^ ^ " 
.U.0U.h for «po-o«l ..e ■■■ .sn.. ^= J 

ii.us«d above, 902/903 are purpd of f^uenc. -Sh' "use a,„.ng w„h,n 
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,„,3C,uc», =n.lo=ue » convene (ADO ..... A...s,ns occ»r> =n .ADC 
. -0 -V 3»0ve iu .t. .c,u„l,;o„ u,. for , ,o«r f.,.e..v. e»s,. a„ 

„„.,..ins flucr before Ac .ADC .us, be ,0 remove any MSn.l= h.v. 
f.,„.rcv higher rh., h..f .h.. of .he .ADC s.n,p„hg .re,u.,.y. To rh - 
Je,r ,h« . s™p,e ,o.p.« f.Uer haU.he s..p,ih, ,.e wo.a .f.,ce for ,0, . 
, . nor .he for • n»her of re,.ns, F,r.,y. rl.ere ..y be .o.er.,re,„e..c, 
.™po„eh. .hich .rc „o, nee-e. ,n ,he .... .brch re,o,re ,he „„er ,o r. 
h.Ipa«. ,.hcr ,h.h a =i.p,e .wp.s, secondly, rhc ro.l-off o, cohvehr.on. .hon- 
J., ,„„.p„s nuer. . poor. ,o p.cih, = c.-off 0, h.,f .he sa.plms .re,.ehcv . 
1 jo„ Th,r. .he sa.p.,n, ra.c of ADC In « .... such .h. .e.cnh.O her. 

for .ff,e..ncv. be variable, an. .il. be propo.iona. » rhe ba„.wi.,h of . e 
„,„,r.. siana, This wil, mean .... ,h. frc,»..ev and pha. response cu,ve> of .he 
will have to be modifiable. 

F„, ,he» reasons, .he a„„..h.ain. f.i.ers .n a preface. e.bod,..n. of .he dev,„ are 
,„p,e.=n.ed a. eiccroniCiy var.able ac„ve bandpass of h,* ,ua„.v. The„ 
paramerers a,e s... uUi.a..ly under ..n.rol Of dr.ve, sofr».rc ™nn.n, on ,he PCD. 

;„fo™a„on .0 and fron, rhe m,er con.roiier .iO, This uni, ,s respnnsib.e for d, ,v,n, .he 
actual filters 906/907 through coniiol lincj 908/909 

ANALOGLVE TO DIGIT.^ CONVHKTER (.^C) 

k ,an,.. r.her.nc to remove, undesirable tomponcnis. the down- 
Havinc undergone bandpass tiitenng to rc 

" .1/0 ■ next BassedO04/9O<i to the analcw^c 10 digital converter (ADQ 
r.nnverted 1/0 si.^iial IS next passeo 

.r,r.A\nv ,0 107 in FIG. 1 . and shown in detail in FIG. 10. 
stage, corresponding to i^j' i^'^- 
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^ ■ 1 ,-»m ir, oriet th3. il.ev migb. b= subminri .f. the PCD tor uui 
1002/1003 miodi8ii=ltolTn. in ™aeiin» . - 

„,„dc! only the 1 signal will be ot trtetesi. m >vh,.h 

... co„.ers,o„. fro. a,«,o,ue to puU.code. .oduiatea ,PCM, di,i,.l ... -s 
1,.;^ bv .o .DCS .00,.0,0. in . P.re... ^bodt^ent oCthe .d.p o, o, th 
l„,.„:ent,o„.hese.^C.teo..ieo.s,.p,in,ope.,,o„ove...^^ 

, Lstan, cvetsion „»e .toss the.t ie,a, input t.,t,el, ptov.o. . le.t . h.ts 
.curacy, and a, e .onoton,. »th no .tssih, codes .„d hi,h t,.nsfer ,„nct,on 
„„ea„tv Othe, embodiments .,e en.sased in wh.c,,, to lo.c, costs. - 
used such as :MSPS . bit dev.ce, or ,us, one op=-.,„:a on the 1 chann , only 
he,e bein« no ..rature supernet in the Oown-con^ener, Clearly due ,0 .y,u,st. = 
or 3a;p,ins .us, be a. leas, .ice t„at ofthe h.^hest .-re,„ency allowed , ,ou.h > 
bnndpass r,i,« t,n„ ,100 ,n FlC, „. and preFerabiy so.e„ha, .ore fo, sate.y. Th. 
.l.,„„.K. detenntned hy the wtdes, band»,dth si,na, .*ich the dev. ,s dcs.jncd 
.,„„e. The d„itisatioh Of a ,.a„o.band Mob,., s.nai. a, r..^ 
h. co^tonabiy be cap.u.ed ,sub,ec, to su.tab. dow„-convetsiu„ to a „o..a ntre 

...uencv Of no .o,e than " "^^^^ ^ '^'^'"^ 

however' would ,e,u,re tnuch h,.her sa^plins rates Clearly, there are a „u™be, of 

analogue to d„ita, technology, ultimate bus speed ,„to .he PCD, and process.ns sp==- uf 
,he PCD all place constra.ms upon ,he h„hes, feastble satnphn, rate However. ,t ,s 
expected that, followtnj the htstortca, .rend. ,he capab,i„y of e.eh of these faco.s w,l, 

over tinte. at wh.ch ,i« hi,h=, samplins rat. ADC uni.s ™y he inco^o.at.d w.thtn 
e^bodtments o, theRf adaptot of the cu.ent inventton. Another poin. ,o .,c,= .s that^ ,f 
,he acuired s.gnal is destined .0 be processed by a fast Courier ,ransfo,„> (FFT) wttht. 
,h. PCD. ,ne„ the sampling ra.e should be arranged such that, for . FFT window t.me 
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which provides an onhngnnai iransiom lo the original carriers (if thii is ihc modulaiion 
mechanism iKedX the number of samples laken is a puwci of 2. This makes ihc FFT 
operation more efficient. 

The sampling ratti v^. lime function is conirolicd by the sample controller 1006. under the 
ultimate manav.cmeai of driver sofrvr'arc running within the PCD. Commands are issued 
10 the sample controller vis the command bus 1007. BNiL^ 1016 interfaces the has lOP 
10 ihc sample controller 1006 via line 1008. and to the multiplexer 1014 (of which more 
in a moment) via line 1013. The sample controller implemenis the samplmn. clor.k-.^ for 
the ADCs, and seu other parameters tsuch as hit samphng mode, it appropriate) 
through the interface lines 1005.-'inO4 \ .';ampiing clock is symhesised from a main 
hich.frequencv clock u-hich i;; aisiributed through the bus 1007 on a shielded line, 
hovjo'ever. rhe sampling is effectively asynchronous with respect to the PCD cluck. The 
.^;ample controller also contains a real time clock counter fRTCC) to allow ihs generation 
of non-constant sampling functions, This is liseful for a number of difrcreni applications. 
For example, in a TDMA (time division multiple access) scheme, the system will only be 
required lO -capture' information being passed on the inbound signals 1002/1003 within a 
panicular cyclical time 'slot" - at other umes the samplers can be shut otT The sampling 
frequency function in such a scenario would be a rectangular wave train. Similarly, 
multi-rate signals may be present on a single channel over time (tor evample, low 
bandwidth control signals followed by high banrlwidrh nata .signals). In this case, the 
sampling rate would be fiecrea.sed and increased as required by the sample controller 
1006. TO enisure that at any given point in the signal where information of inicicsi is 
carried, that the Nyquist criterion is met without cxcesi sanipling (which will only cause 
unnecessary load on the svsicni. with Hale or no added benefit). 

The digitised I 1012 and Q 1011 bussed parallel signals arc next passed into a 
multiplexer (MUX) unit 1014. The purpose of this is to render them into a single parallel 
stream to ease subsequent processing. The MUX 1014 is controlled through line 1013, 
ultimately under the management of the drivers within the PCD 1he main purpose of 
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this conirol is lo swiich tht NR.'X bcr^vcen pflSS-iliiout;ii mode wliicij unlv ihc ] 1011 
channel contains any data, and is simply connected to output bus 101 5). and ini:rleavc 
mode (in A'hich both ihc I 1012 and Q lOl 1 channels contain data, and must be time- 
division multiplexed into the single bussed signal 1015). Note that bussing is used 
because, at the high samplinu speeds required of the ADCs when broadband signals are 
involved, serial connectivity would be ver\' inefficient. Also note that, with respect to the 
main system bus and microcontroller clock, the ADCs 1009/1010 and N-fUX 1014, and 
Their re.'^pftr.tive busses iOP./lOl 1 /jOl ^ are etfeciively running asynchronously. 



INTERf .-^CE MaNAGKMKMT UVIT (IMU) 



The bussed, multiplexed digital I/'O sample stream is then passed 1015 to the interlace 
managemem unit (INfU) siaue. curre^pondin.t: lo 108 in FIG. 1. and shown in detail in 
FIG. il. 



As its name suggests, the main purpose of the INfU is to manage the interface between 
the personal computing device (PCD. 1 OQ in FIG. 1 ) on which the driver modules reside, 
and the rest of the system. The bussed inbound signal 1 109 from the .ADC unit (107 in 
FIG. 1 ) i."? pa^sf^d inrn a t'lrst-in tlrst-oui (FIFO) buffer memory unit 1 1 10, which allows 
the effectively asynchronous data capture to he mre.rr>r.eri m rhp microprocessor 1113 and 
passed to the host PCD. It also prevents data being lost if the microproces.sor 1 m:> .shoulrl 
be busy. The FIFOs 11 10 and 1 1 14 can be controlled from the outside (namely, from the 
ADC and DAC units, respectively, 107 and 110 in FIG.. 1). via the control bus 1 120. The 
bus management unit (BKiLO 1 1 IS controls the flow of infuimatiun lu and from 1 133 the 
control bus 1 120 and the various sub-stages of the LMU. including a bussed coiincciiun 
1121 to the microprocessor 1133 and various control lines. One set of controls 1142 
drives the input pon management of FIFO 1110 under the ultimate control of the ADC 
stage ( 107 in FIG. 1); another drives the output pon management of FIFO 1114 under the 
ultimate control of tht DA(.: stage (110 in FIG. 1). The output pon to inbound FIFO 
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11 10 is comroiled hy the microprocessor 1113 via line 1111. which allows ihc 
iriicroprocessor 1 1 13 lo read samples off the FIFO 'queue* via bus 1 108. 

The microprocessoi 1 1 13. on receipt of informaiion from ihe ADC suce (107 in FIG. 1) 
13 responsible for penoniiinii whatever preliminary processing (if any) 15 required 
(which, m the present invejuiuii. does not involve demodulation), and then passin:: ihe 
information on to the PCD where the main signal demodulation will lake place, The 
microprocessor 1 133 may inscn timing information into the sample stre;im 10 assin the 
PCD routines if desired. On the reverse path, ii is responsible for taking any modulated, 
digitised data from the PCD and passing it througij bus 11 12 co the input pon of the 
outbound FIFO 1 1 14. controlled via line 1 134. 



In the preferren embodiment of the RF adaptor of the current invention, liiilc signal 
processing of any .sicninr.'^nce occurs within the microprocessor., most of this being kfi 
lu the more powerful main proces^nr (or processors) within the PCD itself, To clarify, in 
the prefciicd embodiment, no demodulation of the inbound signal or modulation of the 
outbound signal is provided by the IMLl these function.*; all being performed in sorware 
e^cecurinc on the PCD. Howevci. in ihe preferred embodiment. 'rimR slicing' of inbound 
signals is a function of the IMU. This is of usc in time division multiplexer! (TDM) 
systems, where the inbound signal is only of interest durint: cenain periodic iniervaU. In 
such c;^se.s. the drivers on the PCD instruct the INfL' to iransfci data only during those 
relevant interv-flls. and to discard data at other times This cases the bui den of data 
transfer, while not detracting from the requirement that the PCD demodulate the 
digitised, 'sliced' signal that is pa.«;Red through. 

The microprocessui 1133 has a significant role to play m managing the overall behaviour 
of the various components uf the transceiver system, under the uhimate control of the 
software drivers within the PCD. This is beneficial, as.it allow.^ th;^i. during the shon 
periods where the PCD is too busy to respond, the RP adaptor can still function correctly 
wiTh respect to frequency hopping, output power diienuaiion. TDMA signalling and other 
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behaviours which may be required by a panicular transmission scheme m uic. whether 
on the forward or back channel, h also provides a sicnincani advantage from a icuuliiiory 
poini of view, since The microprocessor 1 133 ultimately sets the legal frcquencv raaii^ci 
and bandwidih parameters for the device, and so it can act as a reliable block on illeeal 
uansmissions and reception intercept anempis. even should the user anempt to 
circumveiu ihcic provisions by writing a rogue' driver for the PCD (or should a driver 
error occur). A crypiu.idiaphic authentication must be pa.(;.<;ed from the driver to the 
microprocessor in ordei lu altuv^' the system to modify the spectral/power mask. 

The microprocessor 1 133 has access 1 129 lu a main memory^ bus 1 125 lo which rhree 
dtfferenr types of randomlv addressable memory unit aic connected. The first is the 
workspace random access memory {Rj\Si) 1 124, which is comiecLcu via access bus 1 126. 
and whirh is used to hold the running state of programs running on the niicropiufWiiur 
1 1 1j. The second is the non-volaiile R.AM 1 123. which is connected via access bus 1 127, 
and which is used to hold conilguraiion information that must not be lost upon power 
loss (such as. for example, unit irienniy information, sofnvare patches, legal 
:ipccuum/pow^er masks, counts of transmined energy against time, and so on). The third 
is the read-only nun-volatile memofV' (ROM) 1 122. which i<; cnnnfirted via access bus 
1 128. which is used to hold non-chdnyiny: information within the system .<;uch core, 
sofm-are routines. The microprocessor 11 33 is protected from hanging* by watchdog 
timer 1116. which will cause a reset condition ihuuid the processor fail to update it at 
suitably frequent imcrN-als via control iine 1 115. The maiici cluck fur ihe synchronous 
pan nf the processing arrangement 1117, which, in a preferred embodiment ii generated 
by division of the Pr.n interface bus 1138 clock if one is available, is distributed on the 
control bus 1 120 through line ill and is also distributed to all the main components of 
ihc IMU 1101. 

In normal opcraiion, upon initialisation the driver.?: within the PCD may download 
software routines into the woikspace RAM 11 24 or non-volacile RAM 1 123, to customise 
the operation of the device (although any tuning or power commands issued must fall 
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wiihin the legitimaie power/.^ipecimm rr.ask. as mentioned above, or rhev wilJ noi be 
wctuied). Ii will easily be appreciated by ihn.^e of ordinar>' skill in the an that an 
cmboJiincnt of ihe RF adaptor of the current invention is po.^sible. in which some or all 
of the funciions wiihin liic LML' 1101. and indeed some or all of the coniroi bus 1 120 and 
some or all of the functions of ihc d:iiOLiaicd coniroliers* fsuch as. for ftx;impie. the 
roueh tuning controller 704 in FIG. 4. dnJ bus managennen! units throughout ihe. system), 
are replaced by a single microcontroller (ui bmdll number of microcontrollers), to re.6me 
cost. 



After any processing which may be required (as discussed above), inbuund data is passed 
by the microprocessor 1 1 33 lo the input pon of the FIFO buffer 1 106 via bui 1 107. with 
pon control line 1 136 This queue of received, dieitised (and interleaved, in l/Q mode) 
samples i> then rp.;id from the output pon of the FIFO 1 106 bv interface protocol driver 
(IPD) 1 103. via bus 1 I Lb with pon rontro! line 1 UO The IPD is responsible for dealing; 
v^iih the various control lines, voltage levels hPindshaking and coding that are required 
by the pariiuular PCD bus inienace in use. under the contrnl of the microprocessor 1 133 
via hnc 1 135. For example, dcpcndinu on the embodimenL IPD 1 103 may implement 
any or all of: a small computer system inten'acc (SCSI) interface driver, a PC memory- 
card international association (PCMCIA) interface driver, a universal serial bus (USB) 
interface driver, a peripheral component interconnect (PCI) interface diivxr, an industry 
standard architecture (ISA) or extended industry standard architecture (EISA) intenacc 
driver, a RS42j/232 interface driver, or a driver for any other high-speed interface with 
which modern PCD devices are now or come to be equipped. Clearlv, the faster the 
interface the bener, paaicularly if the .system is ro be used to acquire high-bandv^idth 
signals. In such a case, the slower pons (such as the cnnvf^niional serial RS423/232) will 
be entirely unsuitable unless only a small amount of signal if; occasionally required, in 
which cse the adapter could buffer the signal prior to transfer. Funhermore, for best 
performance, the interface bus should be able to suppon the function of direct memory 
access (DMA), which allows data to be streamed iiiiu and from the memory of the PCD 
without the interaction of the main processor unit on the PCD. Thi:i type of arrangement 
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has [he advaniatie of producing much icss load upon lijc PCD sysiem Indeed, in an 
altemanve embodimeni of the RF adaptor of the current inveniioii. ihc input FIFO 1110 
is able dirucrly to pass information directly to the output FIFO 1 106. and input FIFO 
1 151is able to pass information directly to output FIFO 1 1 Umo maximise ihiuuiihput. 
In any case, the inbound informatjon (together v;ith clocking, interrupt and other cuntrol 
lines which may be read and/or wrinen by the EPD 1 103) are passed %'ia connection 1 138 
to the main memory bus of the PCD. 

Once the data has been passed lu the PCD. it is stored within the main memon-' (or 
streamed to g secondary or tcniary iiuraue device). EvenruaDy, it i.<; dipitally processed 
usinc: sofware to demodulate it and recovci the originally iransmined information. The 
system of '"plue in ^ drivers thai perform such upcrations will be discussed in more detail 
later m this desciption. 

Next, however, consider the reverse path to that just considered, in which infurmaiion is 
firsi modulated in sorw;irp on the PCD to generate 2. stream of pulse-code modulated 
(PCM) digital samples which rf^preseni a low intermediate frequency (IF) (down to the a 
. range from GHz to f^,, Hz in the iimii where represents the bandwidth of the 
synthcsised iitn^il - althouiih it will be bener tr" centred around a somewhat hicher point 
^^^^ fmj.t 10 avoid DC blucking effects etcj 

In a preferred embodiment, the synthcsiscd sigudl samples are placed by the FC.ID drivers 
mm a section of memory within the PCD as they are generated, from where they are 
fetched vKmg DMA by the IPD 1 103 over the connection 1 138 lu ihc PCD's main 
memory bus 11 02 in alternative embodiments, symmetric to those discussed for the 
input case previously, data is streamed by the IPD from where the PCD drivers have 
placed it, on a secondary or teniary storage device, or is generated in 'full real time' and 
passed directly from the PCD's main prncessor (or processors} to the I^^U 1101. In any 
case, the outbound ddia (which may contain cueing and other control information) is 
passed 1132 into the input pun of FIFO 1131. managed by pon control line 1139. The 
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microprocessor 1 135 reads sampie.s from rhis oueue via bus 1 130. usins conirol line 
1137. performs any necessan,- {management) processing, and then passes ihese samples lo 
the inpui poa of FIFO 1114 via bus 1112. managed by pnn control line i 134 The data is 
then read 1 1 15 from this FIFO'i ! 1 14 output pon by the asynchronnu.si digital to 
analogue convener (DaC) M 10 in FIG. 1). with control line 1 141 being connected 
through the main control bus 1 120. Note that an alen condition will be signalled should 
the DaC require data from the FIFO 11 14 in ihe situation that this FIFO is empty, since, 
in this case a discontinuity will occur in the output signal. The microprocessor 1 133 may 
be programmed to provide some form of emergency sample subiLiiuiion in this case, such 
as a damped predictive decay projection. Note that the microprocessor 1133 is 
rf^<;pnn^ihle. for detecting control commands from the driver units (and inicrleaving in 
messages coming back to the drivers via the control bus 1 120). and passinc rhese 
messages on to the bus manauemenr unit 1119 which will then either direct them to the 
appropriate module locally within the IMl) 1101 or pass the message via the control bus 
1120. 



DICIT.AL TO ANALOGIC CONVERTER (DAC) 



In the normal case, however, ihe bussed, muliiplcNcd digital I/Q sajnpie iucam is passed 
11 to the digital to analogue convener (DAC) unit, corresponding to 1 10 in FIG. I. 
and shown m detail in FIG. 12. 



Wichin the DAC 1201. the outbound stream 121 S of interleaved, PCM 1/Q samples is 
first passed iiuu demultiplexer fDEMUX) 1214. This unit, which is controlled through 
line 1213, and is uliimaieiv under the management of the sofru'are ririvp.r modules within 
thehoatPCD, extracts the in-phascCT) 1212 and quadrature ('Q') lill dara streams 
from the interleaved common stream 1213. Note, however, that as with input, there are 
rwo primary operating modes for output, and, in a secund mode, only I signals are 
generated- In such a case the DEMUX 1214 operates in a passilnuu^h mode, and only the 
I DAQ 1209 is used.- 



PCT/CB9S/0:5S3 



The priman^ purpose the HAC stage 1201 is :o conven ihc dieital PCM sample stream 
into analogue signals which can then upr.onvened and iransmined. This process is 
perfoimcd in n^'o high-speed DaCs 1209 and 1210. h will be assumed for ease of 
dcscripiion in ihe foliuwin^ [hai boch I 1212 and Q 1211 signals are lo be Generated, 
although in some modes uiily ihe 1 signal 1212 will be ofinieresi. and the other Q DaC 
1210 will be switched out of circuit. 

In a preferred embodiment of the RF adaptor of the present invention, ihesf^. DACs ' 
120Q/1210 are capable of gcncraiin:; signals based on input over a wide frequency ranp.e, 
from just above DC to around 50MSPS. with fixed-lai conversion, high fat least 16 bit) 
accuracy, and are monotonic with no missing codes and high transfer function linearity. 
However, other embodiments are also possible, in which, to lower custi. simpler ADCs 
are used, such as 2MSPS S bit devices, or a sinuJe /\DC operating on the I clidiuicl 
Stream only (with rhp. removal of the quadrarure channel from ihc outbound phase of the 
desiun entirely, removing the aririinve mixer (1314 in FIG. 13) also). 

As with the inbound channels, the outbound data rate ha.c; to be provided at rv-ice the rate 
of the hichcst frequency lo be venerated in the analogue I \2U2 and g 120^ signals (due 
to the Nyquist sampling theorem), and picfcrablv somewhat higher to account for rhe 
finite roll-off of real-world bandpass filters. This syiuhcsisinii rate will be set under 
control of the driver software modules in the PCD. depending on the bandwidth of the 
signal heme synthesised. Commands to set the conversion rate arc passed Llnuu.L'h the 
control bus 1 2U7., and 3rp. accepted by the bus management unit (BMU) 1216 through 
connection 1217. They are then directed to the DAQ controller 1206 via control line 
1208. The DAQ controller 1206, under said instnjction, implements the sample 
geneiaiiun clocks for the DACs. and sets niher parameters (such as S/16 bit resolution, 
for example) through the interface lines 1205/i2U4 As for the ADC stage (107 in FIG. 
1), the sample ecncraiioii cluck is synthesised from a main high-frequency clock which is 
distributed throueh the bus 1207 on a shielded line. Generation of samples is essentially 
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asynchronous with respeci to The PCn clock - indeed, one of the main functions of the 
feeder FIFO (l 114 in FIG. 1 Dis to match the <;ynchronous clocU IN/fL- system (lOS in 
FIG. h with the (relatively) asynchronous DAC system 1201 

The DAO controller 1206 contains a icai lime clock counter (RTCC) 10 allow the 
generation of non-constani samplc'Ecneraiiuii functions. This is useful, for example, wiih 
TDMA (time division multiple access), in whicli the svsiem is only allowed to transmit 
data within a panicular cyclical time slot'. With such a system the DaCs 1209/1210 can 
be shut off at other times. :o conserv^e power, and the sample generatiun function in such 
a case would be a rectanauiar wave irain. A similar argument woald hold for the 
generation of v.-^rMhle-bandwidih signals 

ANTkALlASHN'O BAiVDHAS^;: FILTER AND COfvfflrN'ER 

When the PCM bample stream is convened into analogue elecTnr.;^! waveforms (either 
jus: the 1 signal 1202 or I - Q ] 202/1203). the next stage is to pass these sianaU rn the 
anii-fliiasine bandpass nlicr and combnjci uriii f.A.ABFCU), corresponding to 1 11 in FIG. 
1, and shown in detail in FIG. 13. 

The overall purpose of the AABFCU is to remove the high frequency noise that is 
generated hy the digital to analogue conversion process just discussed. The outbound 
signals 1302/1303 will contam unwanted harmonics due to the quantized nature of the 
DAC process, and which exist above the Nyquist point of half the sample generation 
frequency. These signals must not be allowed to reach the up-converter. or they will 
produce many modulation piuUucis and possibly generate interference th;u wjj] be 
iransmincd by the antenna. 

The most siraighiforward remedy michi seem to be ig apply a simple lowpass filter to 
each of the I 1302 and Q 1303 signals, but this is not the case foi a number of reasons. 
Firstly, there may be a 'sampling floor^ on the signal which may have been synthcsised 
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21 a nominai cemre frequency that is higher in;^n half the bandwidth, in this case, any 
siynal components with a frequency lower than that of the ^ymhesised signal must be 
suppreiicd. which will require the filter to be bandpass, rather than simple iowpass. 
Secondly, since the roll-off of cunvcntional (non-active) filters is poor, placmj a cut-off 
at half ihe sampling frequency is not sufficicnL Third, since the DAC sample gener;ition 
rate in the son of system herein described must, for efficiency, be variable, in proponion 
to the bandwidth of the synthesised signal, the frequency and phase response cun.'es of 
the filter will have to be dynamically moditlable. which is not possible with a simple 
passive filler. 

For these reasons, the anii-aliasina filters in a preferred embodiment of the RF adaptor of 
the curre.nr mvention are implemented as electronically variable active bandpass units, of 
high quality Their parameters are se.t. ultimately under control of driver sofrA-are 
runnin? on the PCD. through the conirni hu.*; i.'^ 1 1 The bus manauemant unit (BVfU) 
1306 interfaces 1310 lo the bus 151 1. and passes information to snd from the filter 
controller 1315 via line 1305 and the mixing controller 1307 via line liOK i hefilrfr 
controller 1315 then uses iiucifacc liuci 1317/1318 to control the operation of the 
bandpass filters 1313/1312. 

The bandpass filtered I/Q signals 1320/1319 arc next passed into an additive niixcr unit 
i"il4 The operation of this unit is managed by the mixing controller 1307, under 
ultimate management of the driver units running on the PCD. The purpose of the mixer 
1314 is to combine the I and Q signals in an additive manner to produce a single 
composite IrQ signal 1304. Note that when the system is operating in T-only' mode, the 
mixer is switched out by the mixing controller 1307, so that the ompui signal 1304 
becomes a straight passihrough of ihe filtered T signal 1320. 

The method of operation of the mixer 13)4 will commonly involve heterodyning with an 
LO signal and thot LO signal shifted fL'2 out of phase. The details of this system are not 
shown here for clarity, since quadranjrc will be much less frequently used on the 
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synihesis pdili ihan ihe analysis paili i dciaib uf I and Q rccunsuuciiun bvbtcmi may be 
found in Ilaykin, S., Communication Systems ( jrd cdirion). pp. 85-89. John VViicy & 
Sons, Inc. Ncu' York. NY. USA) 

Of course, it should be appreciated that :he 'I only* mode will have ihe I and Q 
components combined together in digital form, and produced as a real (T) sample 
stream - there is nothing missing' from the signal, A similar analysis can be penormed 
for The ' I onl v' mode or the inbound «;iPnal 



LtP-CONVERTER 



In an> case, ihc I uj I-Q iiniiioi!uc si.iinai 1304 to the up-convener stage, corresponding 
to 1 1- in nC. K and shown in detail in FIG. 14. The overall purpose of the up-COnvener 
5tagc 1401 15 to render an amplified version of the desired signal ai the idigci 
transmission nominal centre frequency, which will in general be much higher than the 
nominal centre frequency at which the signal was synthesiscd (that will normally be at. or 
JUST above, half the required signal bandwidth) 



Primars' signal gain is al.so pa«;.^ihle at the np-convener stage, aided by the fact thai a 
known nominal centre frequency (ai some point in the up-conver.^ion chain) i.n T^n^wneA, 
ciiiiiy; amplifier desisn (panicularly with resiard to the bandwidth / nominal original 
central frequency response). 

The incoming, IF signal 1425/1429 is passed through a number of superheterodyne 
stages 1424. . 1442. .HIO which are responsible for shifting the said signal to the 
appropriate RF nominal centre frequency ready for transmission, providing filtering lo 
remove any unwanted components, and amplifying the signal to a useful level prior to the 
fmal Rf transmission amplifier stage (113 in FIG. 1). In the preferred embodiment of the 
RF transceiver of the cutrent invention, there are a total of three primary superhet stages, 
although designs with fewer or greater number nf frequency conversion stages are 
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posiible. In an aliemaiive embodiment, a number of frequency muliiplicaiion units are 
uiiliscci within the up-cunvcaci 1401. Fur Lcnain ivpcs uf signals, up conversion may 
best be achieved bv a switched combination of frequeacv muiupiicr^i and superhets. 
rather than by superheis alone. However, frequency multipliers do ha\e ihe diiauvaniaiic 
that the frequency deviation of the signai is multipiicd when the nominal centre 
frequency is multiplied - which can mean, in effect, a reduction in the effective precision 
of the original dicital svnthesis. 



Each superhei may be switched out of circuit entirely if desired, under control of the 
intermediare nininc cnnirolle.r 140^. uhich receives input from the driver 5ofr\vars on the 
host PCD. via the IMU and the command bu.s 1417 A biK man;^qement unit (BiVfU) 
1413 is responsible for managing the intercommunication ]4I4 between ihe bu.^ 1417 
and the local modules. It provides the feed 1445 to the intermediate tuning controller 
1405 This controller in tuni icndb inciia.i:cs lo each of the superhei siaaes via command 
lineo 140:/1404/142:. 



N39 shows a more detailed view of the functional components of one of the superhei 
stages The incoming If signal I429/142S.M441/1443 is passed into a mixer 1430, where 
it is combined with a frequency 1428 from a variable local oscillator (VLO) 1427. In a 
preferred embodiment, the VLO 1427 is implemented using digital synthesiser 
technology, to allow a wide frequency r^nge Toeether ^ith excellent accuracy and rapid 
reconficuration, The said frequency may be selected by the teftri U"ix/U,72/M0:wi404 
fium the intermediate tuning controller 1405. under the ultimate control of software 
drivers running in the PCD. However, other embodiments of the oscillator system are 
possible. In one such arrangement, the rlrst and tliiid sidi:c conveners 1424/14)0 use 
synthesised VLOs, while the intermediate supcrhct 1442 uses a fixed IF and a fixed 
frequency oscillator, to reduce cost and complexity. In such an arrangement, the second, 
fixed stage would provide most of the substantive amplification to the signal, since there 
The. amplifier performance can most easily be optimised to a known, fixed [F. In another 
aliemaiive embodiment, single stage up-conversion is used, and in yet another, where 
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the device is iniended to broadcast at or belou* a mavimum frequenr.y i,.„ '2. where f,,„ is 
The highest !;amp!e rate which can be used on the UAC .stage ( I 10 in FIG. 1 ). the entire 
up-convener stage is omined. and the sysiem may be used in direct digital synthesis 
(DDS) mode. The use of frequency multipliers within the up-convener is also possible 
and has been discussed abuvc. 

The rcbuituf the mixer 1430 is ihen passed 1437 jruu dii IF amplifici 1431, which will 
increase the strength of the signal. In a preferred embodiment of the system, ihc IF 
ampliilcr 1431 is tuneable under software control, ultimately via the feed 
1436M422/1403/1404 from the intermediate runinc controller 1405. The gain of the IF 
amplirler stace M3] is set by a feed 1440/M09/MOg.'1407 from the intermediate gain 
controller subsystem 14)1. As in the down-convener ( 105 in FIG, 1). taps 1420 are taken 
off the signal as it progresses through the stase 1401, and these feed both an intermediate 
gain monitor 1418 and an intermediaie nmino. monitor 1421. The gain monitor 1418 
repons 1 4 1 6 overall metrics of signal strength gain to the drivers on the PCD via the bus 
management unit fBMU) 14 13. the coniroi bus 1417 and the INfU ( lOS in fIG. 1). A 
iwiidiablc feedback path 1406 lo ihc intermediate gain controller 1411 is also provided, 
in order that an automatic gain control for the output sitijat can be employe J whcic 
ncccisars'. In most modes of operation, this system ^vil[ not be required, as the various 
filter and amplifier transfer functions and signal strengths will be known to the PCD- 
resident drivers, which can set equalisation levels appropriately through direct commands 
sent to the intermediate gain controller 1411. However, it does provide a useful 'fail safe' 
;jh!iiTy to shut off the transmission path rapidly, should a sofrivare or r"irmu^are error 
'upstream' in the transmission chain cau.se ton large a sion;*! to he generated. 

The intermediate tuning monitor 1421 provides a set of metrics indicating the degree to 
which the desired imermediatc *step-up' frequencies have been anained. as computed 
from the signals provided by ilic iupui laps 1420. In a prefened embodiment of the 
system, this will involve at least phaic-lockcd loops used to generate a set of phase crioi 
signals. These metrics are reponcd back to the PCD drivers via channel 1415; however, a 



20. FED. 2000 20:22 MARKS AHD CLERK HO. 0530 P. 52 



wo 99/10976 PCT>CB98/01-^R3 

42 

feedback path 1444 is also provided lo allow an auioma:ic frequency control (.APC) 
system to be utilised where desired. One use of this would be to shift the injection \T^0 
frequencies in the superheis 1426/1442/1410 to ensure that a 'lock' u-as maintained on 
The appropriate iip-rnnver^inn fre.qiiftnnp_;, thereby compensating for any tendency of the 
\T-0 units 1427 to drift. 



The resultant signal 1434 is nexi subjected to [he bandpass filler 1432. in order that 
undesirable modulation components can be removed. Afier this process, the conversion 
sub-siaiic 1439 ii cuinpleie and ihc iitnal passes on 1433/1441/1443/1402 to the next 
5ub-5iagc. In a preferred cmbodimcai. die phase and ficQucncv Udnsfcr functions of the 
bandpass filter 1432 are eiectronically controlled, by signals Scat via a line 
H35/1403/1404/1422 from the intermediate tuning controller 



Rf TP-\NSMISSI0N AMPLIFIER 



Having ihu.; heen up-convened to the transmission frequency, the outbound signal 1402 
is next passed into the RF transmission amplifier umr. corraspondintj to 113 in FIG. 1, 
and shown in greater detail in FIG. 15. The primary- purpose nf thi.<; system is rn mrrea.<;e 
the puwcr of the iransmined signal to a level suitable for transmission through an antenna 
(or antennae). 



The main component here is an RF power amplifier 1518. which accepts the signal 1517 
and increases it in power, producing the signal 1 S02. In a preferred embodiment of the 
RF adaptor of the current invention, the power gain of the amplifier is variable under the 
supervision of the primarj-' gain controller 1521, fed through control line 1519. This gain 
is ultimaieiy managed by the software driver modules within the PCD, which send 
insinjciions via the command bus 1 S 1 The bus management unit ^B^fU) 1511 
interfaces 1 510 to this bus. and passes message.«; beru'een it and components within the 
stage. In this way. commands arrive at the priman' gain controller through line 1 520 
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In a preferred embodimem. ihe RJ amplifier evhibiis i decree of mned response, u'hich 
can be electronicallv managed bv the rough Tuning conrroMer 1S08. via mtert'ace line 
1505. As with ihe primarv- gam rnnTrnller. insimctions are senr in This sy^rem trom The 
driver mnriules in The hn.';T PCD, via command bus 1515 and line 1509. 

The amplified signal 1502 is nexi subiecied lo a bandpass filter 1503. lo suppress 
undesirable harmonics wiihin the sicnal. In a preferred embodiment, ihis filler unit 1503 
has electronically sclccublc frcuucjicy and phaj;c uansfci funciions. under ihc 
manaticmcni uf the luuuh atiilnu comrollcr 1508 (and ultimaicly, ihe PCDMCiidciii 
drivers) ihroush inierfdcc line 1506. 

The overall power ourpui of this siace is coniinually measured by ihe primarv sain 
monitor IS 14. through tape from the output 1507 and pre-amplification sicnal 15)6. This 
informaiion is fed back to the PCD drivers vi?. the control bus 1513 on line 1512. 
However, a riireci feedback path alsn provided 1M5 \n the pnmar)' £;?in controller 
1521. in order that an automatic power gain control of the output <;ignai may he provided, 
if desired. 

The powci -amplified, fikcicd uuibouud sienal 1504 is ilicii pis^icd (lliruu.iih line 617 in 
FIG. 6) to the antenna control unit (103 in FIG. 1 ) where it is matched to one or e 
number of antenna, subjected ro final filtering, and transmitted. The operation of the 
antenna control unit has already been discussed. 



FORM FACTORS 



The Rf adaptor of the current invention may be embodied in a number of different form 
factors. FIG. 16 shows an embodiment of the device which is fined as an internal card 
1602 10 an IBM PC ur cumpaiiblc computer 1601. A small external antenna 1603 is 
provided, although the user could conoeci otliei cMciual antenna systems if desired. In 
this mode, the system may be provided ds an ISA, EISA, PCI or other internal caid 
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roiiiiai lhat is now. or may come to be. icnown in the cnmpurer inrert'acing an. An 
advaniace of ilic imcmiil card formal is ihe ability to access the main memory of the PCD 
at high speed, usually with DMA abiiiiics. which in rum allows efficient operation of the 
system even with high bandwidth sisnah and even when the main processor (or 
processors^ is temporarily busy. 

For optimal RF shielding, the transceiver adaptor may be embodied iji an cxiemal 
housing such as that shown in FIG. 17. 1702. Here, the connection to the PCD 1701 is 
marift via a hieh speed parallel interface, such as a SCSI connection 1703. Conncciiun lu 
the primer nnn of IBM-compaiible PCs is also possible, for medium-bandwidth signals: 
however, this will not s^niuce. for wide bandwidth transmissions, such as D.\B. The 
transceiver device may be provided w-irh an integral antenna 1706. although the user may 
L-uriiicci additional, higher performance antennae \i required. 

It is also envisaged ilidi ihc entire system could be produced as one (or a very small 
number) of dedicated integrated ciixuiii, which would then allow for an extremely 
compact embodiment. 1705 shows an example uf such a system, where the bulge" 
contains the integrated transceiver electronics, and the antenna for ihc ivsicm is provided 
wirhm The connection cable 1704 by which the device is connected to the PCD. In iliis 
panicuiar e.vample. a USB (universal serial bus) connection is shown, although for low 
bandwidth signaL<; a conventional RS232/423 serial pen could be used (as indeed, could 
some form of parallel interface j 

It is funher ciivi^aucd that the transceiver device could he ^".mbodied within a PCMCIA 
(now called simply PC) card format, as shown in FIG. 18. The card 1 802 contains an 
integrated antenna, and fits into an Industry-standard slot 1803 in the PCD. I he PC card 
format is advantageous in that it provides foi hiuh data transfer rales, and is an intertacp. 
implemenied across a large number of PCDs, iocludint: laptop PCs (such as that shown 
1801) and PDAs. 
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SOFTVV.^ DRIVER STRUCTLTIE 



An architecture for the sjrm'are driver module.; wirhm the PCD. according lo s preferred 
embodimeni of the RF transceiver system of the current invention, k .^hou/n in FIG. 19. 



Inbound data (passed to the soirv.^are 1902 by the interface management unit (IMU). 108 
in FIG. 1 J, is rcdd 1906 from a tlrsi-in first-oui CFIFO) structure 1905. This may he. 
implemented ciilici iji liic iiiain mcmor>' of the PCD. or as a stream onto a r'lie in a 
sccondar>- or teniarv- store connected lo the PCD. In any case, the FIFO 1905 is protected 
by a muiual exclusion lock (mutcx ) to prevent the LVfU iUcmptinu to write data into a 
given location while the driver modules are attcmpunn to read iu ilicrcbv c^usini: a 
undesirable race condition. 

In ? preferred embodiment of the sofru'are drivers 1901, a separate thread of execution is 
active for earh subsection of the dri\-er system. The first subsection 1 901 has ihc task of 
acquiring the modulating diu:iral ^itj.uM from the inbound digitised sample stream 1906; 
this corresponds to the physical layer of the i.SO/OSi model ^described earlier), Routine 
1903. pdrameierised bv the particular piu^-in scheme in use for inbound informaTion 
1916. acquires the primary digital biiiircam. drawing as necessary upon a common 
libran,' of routines, containinu implcmcntaiioni of techniques well known to those in the 
digital signal proccssins an. These include an analysis and currclaiion engine 1908. 
which may be employed lo compute a degree of march between a reference and lart^ct 
waveform, a set of fmite impuUe response (FrR) and infinite impulse response (IIR) 
digital filler.!; 1909, to allow the shaping and selective frequency processing of samples, a 
fast Fourier transform and syntfie.<;i<; eno.mp. 191.7. to allow PCM data, recorded as 
amplitude samples in the lime domain, to decnmnn«;p.rl into the frequency domain, a set 
of wave tables 1911. which may be used as the reference fnr rorrelation by engine 1908, 
and a convuluiion engine 1913. Having been thus analysed., the biKrrp.am may, if it is in a 
suitable format, be fuiihcr processed by an audio decomposition sofru-are en^mp. 1955, 
which fulfils the function of the AF dciiiudulatur 523 in FIG. 5. For certain data 
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protocols, ii may be necessan.' for the stream to be proiocnl decnderi. berore the audio 
intormauun can be retrieved (in which case this module will be re-entered) 

In the general case, however, the baseband bitiLream is acquired in module 1904. and it is 
then injected into memory mutexcd FIFO 1907. From here, ihe data stream is picked up 
1939 fin the preferred embodiment of the system) by a thread running ihe next module 
1938. which has responsibiliiy to process the low-level data protocols (this concspunds 
to the link and neru'ork layers from the ISO/OSI model). The thread runs the main lou- 
level protocol decoder routine 1940, which can make use of a librarv' of common 
funciion?;, including a channel demultiplexer and decoder 1937. a time division 
multiplexing ( IT)M i ■ rorie division multiplexing (CDM) decoder 1936 (which may be 
parameterised by the plug-in mnflule.^ 1916 detailing the panicular scheme in use), and a 
set of routines 1935 to perform common functions The latter includes the abilitv lo 
pcifoini vdrious types of checksum, including cyclic redundancy check?; (C.lRCs. which 
may be compiled down ituu a lookup table for efficiency in the case of simple 
polynomials), a generic convolutional Jci-udcr. capable of dealing with punctured codes, 
and based on the algorithm due to Viicrbi. and an tnci.tiv dispersal recover^' system, 
which provides the ability to regenerate information which has been *c.\clusive-or'-d 
with a pseudo-random bitstream prior to transmission. In an alternative embodiment of 
the system, this module will also deal with various conditional access mechanisms, such 
as cr\'ptngraphic scrambling, which may have been applied to the bitstream prior to 
transmission. 

Oiicc ihc data has passed through the low-level proincnl?^ it is mjecied into memory 
mutexed FIFO 1941 as a set of objects, representing the basic low-level transport units. 
These objects arc extracted 1944 by a thread running in the next module iy54, which is 
responsible for dealing with high level piuioculs. including those protocols which have 
been encapsulated or 'tunnelled' through the radio Uduipun medium. The thread runs a 
main routine 1943, which is particularised by the selected plug-in from the set 1916, and 
which deals with the iranspon to the presentation layers of the ISO/OSI model. It can 
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drav.' on a libran" of common murine.^ including a generic protocol slack manager J 946. 
a TCP.^P and UDP/TP iranspon layer 1952. and a hiGh-l^vf^i CORiiA object request 
broker fORBl 1951. The result of this layer is a set of high-level obieci.<; (which may 
iiiclud- cvcnis) which drc placed into a final buffer 1942. from where ihey are pickerl up 
and disiribuied 1949 ihrough the data cummunications appiicaiion programming 
interfaces iAPh) to interesied clicni sofrwarc and iuiu ihc ^vsicm event stream. This 
process need not be polled: iht API can allow incoming icqucsu lu iriyiier interrupts 
forcing callbacks' to occur to the client code. 

Turning now to the return path, the client software issues objects and events 1949 which 
are to be conveyed to a remote site across the r^dio link. These arc proccised bv the 
oper;^Tmg system (OS) communications APIs and are placed into a muiexed buffer 1942. 
from where they are retrieved ly.^O hy the thread responsible for the high-level protocol 
processing module 1953 This thread executes the c'snenc hiyh-level protocol routine 
194S. which is parameierised by the panicular 'plug-in' module 1916 currently in use. 
The cncodci may make use of the software modules 1952 and 1951 already mennnned. 
and also a generic outbound hiJi-lcvcl protocol stack 1945 The output of this module is 
a set of low-lcvcl objects representing messages to be conveyed across ihe wireless link, 
represented in a common format no mancr what the higher level protocol. Tiiese objecii 
are deposited in the memorv' mutexed FIFO 193 1 . 



From this point, the object.^ are picked up 193!? by the thread executing the ne.xt module 
1929. responsible for providing the low-level encoding. This thread executes the ceneric 
low-level protocol routine 1930. which is parameterized by the plui^-in module currenily 
in use 1916. and can make use of a generic library' of routines, inclurimg those already 
mentioned 1936/1935, in atlditiun to a control system for channel multiplexing anrl 
encoding 1932. The result of this level (syinmciric with the inbound flow) is a set of bit 
blocks which ore enclosed in routine; objects with limited ordering linkages. These 
objects are placed into the memory mutcxed FIFO 1928. 
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Finally, these nhjecis are prnr.ftssed by ihe thread in the physical layer encoder module 
1915. This thread executes at least one of avo routines, responsible for (optionally) 
transiatinc the digital bitstream 1926 into an audio PCM representation 1925. and 
iraubiiitinE the rlna] bitstream (be it audio or original input) into the encoded samples 
stream 1924. As with ihe inpui pruccssint. these routines are parameterised by the 
panicular (outbound, in this case) pluc-iu cudinu system in use 1916. and can draw on a 
library' of useful routines - 1909. 1912, 1911 and 1913 have already been mentioned, and 
these are added to by a generic synthesis engine 1914. capable uf constructing and then 
rendering into PCM (and other commands) the various iransiriissiuii cquacions. 

The resultinu interleaved set of commands and data (possibly in I/Q format, dcpcndin.tz 
on the tran.^mKsinn mode) is finally passed into the mutexed FIFO 1927. uhich may be 
implemented either in mam memory, or as a stream onto secondan.- or tcnian' sioracc 
connected to the device (for prft-rompuied feeds). From this point, the RF adaptor (102 
in FIG. 1 ] can read 1999 the information, heing made aware of the newly produced 
cunicni by interrupt if necessary. 

The flexibility of the system lies in the fact that it may be customised to different 
transmission protocols (both for inbound and outbuund use) by the addition of plug-in 
driver modules, which act throui:h a common API, These modules are able to accept and 
n.enerate conirol-bus (126 in FIG. I ) messages to the transceiver adaptui (102 in FIG. 1) 
and are ;^lso able to accept and receive data, controlling the operation of the tiencric 
modules discus.^eri above. 



There \^ potentially no limit to the number of different modulation/demodulation 
schemes thai may be implemented by such a system , other than that imposed by the 
available processing resources and memory of a given user s system. Hou^ever. at least 
the following plug-in modules aic provided in a preferred embodiment of the system: a 
transcoder for the Digital Audio Broadcasiinw (DAB) protocol 191 7, a tran.Nr.oder for the 
Digital Video Broadcasting (DVD) protocols 19!S, a transcoder for the GSM 
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telecnmmunications system 1919 (inciuding a: Icisi access 10 tiic shon message sen-ice), 
a iranscnder tor ihe ai least some of ihe modulation schemes used wiihin the ranee of 
PCS leiecommunicanons systems 1920, a transcoder for conveniional FM audio 
broadcasts 192L a iranscoder for standard PC-based audio modems f V34 ci a!) 1922, a 
tidnscoder for various nvo- and one- u'av paging protocols, including at least RcFLEX, 
FLEX and IiiFLEXion 1925. a iranscoder for conventional data networks including FL\.M 
and Ardis 1980. a uanbc-oder for amaieur band (H.\M) packet radio 19S1. a iranscoder 
for cellular dieiial packet data (CDPD) 1982, 2 iranscoder for conventional cellular 
audio, including digital varianu and .-^MPEX) 1983. a iranscoder for the various forms of 
single and double sideband audio 1984. a iranscoder for a: lea=;T The civilian forms of 
GPS fClobal Positioning System). 1985. and a iranscoder for the various formats of 
television broadcasiiniz 198e>. which will include the abiliiv to acquire digital information 
stored wirhm the vertical blankmu inier^'a! (VBIl Of course, ihc^ic only give an example 
of Ihe proiocoU that can be acquired and synthesiscd - a chief advanidue of the invention 
being the ease with which, using familiar coding tools and paradiums on IBM-compatible 
PCs, or oiher PCDs. new or a.-; yer unimplemented protocols and standards can be 
incoipuiated. without replacement of the hardware. Of course, the ability (described 
above) of ihc KF adaptor of ihe current invennon to receive and transmit signals of 
various bandwidths acrosi d wide ranee of ihe spectrum is central to such ilexibiliiv. 

As an example of the process of software demodulation and modulation consider FIGS 
21 and 22. which are flow chans describing the piivsical layer Gemodulaiion and 
modulation (respectively) of a simple binary frequency :ihifc keving (BFSK) scheme. 

Turning first to FIG. 21. the physical layer thread activates 2101 when an uucrrupt 
indicates thai daia is or should he waiting in ihe inbound FIFO 21 10 (corresponding tu 
1905 in FIG. 19). The routine check.s m see if data is indeed present 2102, and if not, 
then tests if this is ihc first lime around the loop since the interrupt occurred 2111. If it 
IS, then an error is ecneraicd 21 12 and the thread goes back into a waitinc state 
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2114/2119/2108. Ifnu;, then the thread simply o.oes into the waiting state, assuming that 
al) available data has been Consumed 2114/211 9/2 1 US 

In the normal case, however, data is available and the thread reads a block of n PCM 
samples 2103 from the FEFO 2110. These n samples are assumed to have been captured 
m M-only" mode, to cover the period of one encoded bit in the signal, and lo be 
.synchronised to bit boundaries by such clock recovery meihuds as are well known in the 
an (this mechanism is not shown for clarity). The number of zero crossings in this pnlsp. 
train is then counted 2104. using a threshold limiting method to avoid noise effects with 
small-amplitude sample? (FIG. 21 shows, of course, a very elementary BFSK 
demodulator for clarity: oih-r methods of demodulation for BFSK arc known in the an.) 
This Luuni is then compared with an upper and lower limit for a 'mark' or binary 1 2105. 
If this test ii failed, a check is made lo see if the count falls with the "space' or binary 0 
limits 2106. If ihis i> also failed, an error is dispiaysd 2107 and the thread goes back into 
a sleep mode 2108. In all such error cases, the system FIFOs may be flushed if desired. 

If, however, a mark is detected, a binary ' T i:i wrinen 2115 into the FIFC) 2 1 1 6 
(corresponding to the buffer 1007 in FIG. 19) for con:jidcraiion by the higher level.^ of 
demodulation, which are not show-n here for clarity. Similarly, if a space is delected, a 
binary' 'O' is wrinen 21 17 into the FIFO 2116, In both cases, the loop is ihcn rcstaned to 
process the next n samples 2 M s/2 109,21 18/2109 

FIG. 22 shows the process for transmission. The physical layer thread activates 2201 
when an interrupt indicates that data is or should he waiting; in the inbound (relative lo 
the modulator) FIFO 2208 (coiicspondine to 192S in FIG 19) The routine checks ro see 
if data is indeed present 2202. and if noi, then tests if this is the fir.<;! time around the loop 
since the iniemipi occurred 2209. If it is, then an error is generated 221,0 and the thread 
goes back into a waiting state 221 1. If not, then ihc thread simply goes into the waiting 
state, a.s.suming that all available data has been consumed 221 1. 
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In ihc noiiaal cabe, however, daia is available and rhe thread reads 2203 a sincle bit x 
from the FIFO 2208. imu which daia has been placed by higher levels of modulation and 
encoding within the driver strucruic. This bii x is Checked lo see if it is a mark' (1) 
2204, and if it i3. then the thread copici a vector of n samples 2212 from a wave table 
2213 (which holds pre-compuicd PCM samples of a carrier modulated to the mark' 
frequency offset, at a predetermined sampic rate, foi unc bit period) Into the outpur 
(relative to the modulator) FIFO 2215 (corresponding to 1927 in FIG 19). If x is not a 
mark (1). then it must be a 'space' (0), and in this case the thread copies a vector of n 
•samples 2205 from a wave table 2216 (which holds prc-computcd PCM iaiiiples of a 
carrier modulated to the 'space' frequency offset, at a predetermined sample laie, fur one 
bit period) into the onrpm FIFO 2215. In both cases, the loop is then rcstaned 
2214/2:07.2206/2207 to process the next bit. (FIG. 22 shows, of course, a vcp.- 
elenicnianr^ BFSK modulator for clarity: other methods of modulaiion for BFSK are 
known in ihc an.) 

These and other aforementioned demodulation and modulation schemes are only an 
example of the protocols that can be acquiicd and synthesised - a chief advantage of the 
mvention being the ease wiih which, using familiar codinu luuIs and paradigms on IBM- 
compatible PCs. or other PCDs. new or as yet unimplemcntcd proiocoh and standards 
can be incnirmrftred, without replacement of the hardware. 

Although illustrative embodiment^; of the present invention have been described in detail 
with rcfeicncc to the accompanying drawings, ir is to he understood that the invention is 
not limited to those precise embodiments and that change.*; and modifications mav be 
made by those skilled in the an withuui depaning from the scope and .spirit of the 
invention. 



Moreover, any application or patent cited herein should be considered to be incorporated 
by referenre as to any subject maner deemed essential to the present disclosure. 
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1. Communicarions appararus comprising mtm^ fur receiving a modulaieri radio 
frequency signal, ai least one means for down-convening d icccivcd modulaied radio- 
frequency signal, means for digiiislng a down-convened signal and means for exponing 
at least a pan of rhe digitised modulated signal to a personal computing device. 

2. Communications apparatus as claimed in claim 1. wherein the means for 
c.\ijuning a; least a pan of the digitized modulated signal comprises means for 
conneciiun to at least one bus within the personal computing device. 

3. Communicaiiuiii apparaaiS as claimed in ciaim 2. wherein the means for 
exporting at least a pan of ihc ui.kiiiised modulated signal funher comprises means for 
performing direct memorv- access wiih mcmorv* means located within the personal 
computing device. 



4. Communications apparatus as claimed in anv one of the clainii 1 to 3. wherein 
the means for f-vponing at leas: a pan of the digitised modulated signal compiiici 
means for dividing the .«.ign;il with respect to time. 

5. Coiiimunicaiions appararus as claimed m any one of the claims 1 to 4. wherein 
the means for down-convcuinu a received modulated radin-frequency signal comprises 
means for generating an in-phaie down convened signal and a quadr^nire phase down- 
convened signal, and the means for di.tiiiisiny a down-convened signal comprises 
means for digitising the in-phasc down convened signal and the quadrature phase 
down-convgried signal, 

6. Commimications apparatus as claimed in any one of the claims 1 to 4. wherein 
the means for down^convening a received modulated radio-frequency signal comprises 
means for generating a single down-convened sicnal. 
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7. Communicatinnc appararus as claimed in claim 6. wherein ihc mciiiii for down- 
convening a received modulare^d radio-frequency sicnal are arranged to convert ihe 
frequency of the received modulated r;idio sicnal bv less than the centre frequency of 
the signal minus half of the bandwidth of the signal, 

S. Communic;iuons apparatus as claimed in any one of the claims 1 to 7. further 
comprising means for alicjiuu the bandwidth of the received modulated radio-frequency 
signal. 

9. Communications apparaois as claimeu in any one of the claims i ro 8, further 
comprising means for altering the centre frcquenc> uf the received modulated rariin^ 
frequency signal. 

10. Communication.^ apparatus as claimed m claim 9. wherein the means for 
dltcrin^ the centre frequency nf rhe received modulated radio-frequency signal comprise 
nicaiii for frequency-hopping. 

11. Communicaiion> apparatus as claimed in any one of the claims i to 10. funher 
comprising means for altering ihe ampliiude of the down convened received modulated 
radio-frequency sienal. 

12. Communicaiions apparatus as chimed in any one of the claims 8 to 11. wherein 
the means for altering parameters funher comprise means for responding to at least one 
command from a personal cnmptiting device. 

13. Communications apparaajs as claimed m claim 12, wherein the means for 
altering parameters fuiilici comprises means for compsnng that at least one command 
with at least one predetermined pei mined parameter and means responsive only lo 
commands possesine pcrmined parametcii. 
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14. Communications apparatus as cUimcd in claim 15. funher comprising means for 
altering the at least one permincd parameter in respunse to an encoded command from a 
personal computing device. 



15. ( :nmmnn]c;^tions apparams as claimed in any one of the claims 1 lu 1 4. wherein 
The apparatus is adapted for installation within a personal computine device, 

16. Communications appararu.^ as claimed in any one of the claims 1 to 14, further 
comprising a personal compuiing device, the personal computing device comprisine 
procesiiiiM iiicdns and memory means which processing means are responsive to 
instructions stored ia ihc memor>^ means to demodulate the exported signal. 

17. Communications apparanjs as claimed in any one of the claims I lo 16. further 
comprising means for imponine a digital modulated signal from a personal computmg 
device, means for converting the digital modulated sigual tu an analogue signal, means 
for np-convening the analogue signal to a radio frequency signal and means for 
transmmmg the. radio frequency signal. 

1 8. Communications apparam.^; comprising means for importing a digital modulated 
signal from a personal computing device, me;^ns for convening ihe digital modulated 
signal to an a/mluKuc signal, means for up-conveninij the. analogue signal to a radio 
frequency signal and means for transmining the radio frequency signal. 

19. Communications apparatus as claimed in claim IS, wherein the means for 
imponing at least a pan of the digital modulated sitinal comprises means for connection 
10 at least one bus within the personal computing device. 

20. Communications apparatus as claimed in claim 19, wherein the means for 
imponing ai least a pan of the digital modulated signal funher comprises means foi 
performing direct memory access with memory means located within the personal 
computing device. 
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21. Communications apparatus as claimed in any one of the claims IS tn 21. 
u'herein the means for impoaing ar least a pan of the dieiial modulated signal 
comprises means for assernbline the sicnai with respect to lime. 

22. rnmmiinicaiions apparatus as claimed in any one of the claims 1 8 lo 2 1 , 
wherein the means for convening the digital modulated sienal to an analosue ii^nal 
comprises means for convening an in-phase signal and a quadraatrc phase sienal. 

23. Communications apparatus as claimed in claim 22, wherein the moans for up- 
convening the analogue signal to a radio frequency signal comprises means responsive 
to an in-phase signal and a quadrature phase signal. 

2A. Communications apparatus as claimed in any one of the claims 18 to 21 . 
wherein the means for up-convening the analogue signal lo a radio frequency signal 
comprises means responsive to a single analogue signal. 

25. Communicanons apparanas as claimed in claim 2^, wherein the means for up- 
convening the analogue signal to a radio frequency signal are arranged to alter the 
frequency of the analogue signal by ie.<;s than a required transmission centre frequency 
of the signal minus half of the bandwidth of the signal 

26. Communications apparatus as claimed in any one of the claims l& to 2.S, funher 
comprising means for controlling the bandwidth of ihc iransmined signal. 

27. Communications apparatus 35 claimed in any one of the claims 18 to 26, fbnher 
comprising means for altering the centre frequency of the transmitted signal. 

25. Communications apparanjs as claimed in claim 27, wherein the means for 
altering the centre frequency of the traa<imined signal comprises means for frequency- 
hopping. 
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29. Cummunicaiions apparams as claimed in any one of the cUims 18 lo 28. funher 
comprising means foi alicring the ampliaide of the iransmined signal 

30. Communications apparams a$ claimed in any one of the claims 26 lo 29. 
wherein the means for altering parameters funher comprise means for receiving ai least 
one command from a personal computing device, nieaiu fur comparing ihat ac least one 
command wiih at least one predetermined permincd parameter and meanj icipunsive 
only to commands possesing permined parameters. 

1 (.Communications apparatus as claimed in claim 50, funher comprising means for 
altering the at least one pp.rmined parameter in response to an encoded eommand from a 
personal computing device. 

52. Coinuiuiiicaiiunb apparatus as claimed in any one of the claims 1 8 to J ! , 
wherein the apparatus is adapted fur insiallacion within a personal computing device. 

33. Communications apparams as claimed in aiiv one of the claims 1 S lo 5 K fUnher 
comprising a personal computing device, the personal computing device couipiiiin.k; 
processing means and memory means which processing means arc responsive to 
instruction.; stored in the memory means to demodulate the exponed signal. 




J. UbJU r. bb 



PCT/CB9S/02583 



34. Communications apparatus suh.';Taniiany as hereink^tyre described v/ith 
reference lo figures 1 and 6 lo 22 of the accompanying draAngs. 
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CLAIMS: 

1 . Communications apparatus comprising means for receiving a modulated radio 
frequency signal, at least one means lor down-converting a received modulated radio- 
frequency signal, means for digitising a down-converted signal and means for exporting 
at least a part of the digitised modulated signal to a personal computing device. 

2. ConiinuuicaiioiJb appaxatu^- as claimed in claim 1, wherein the means for 
exporting at least apart of the digitised modulated signal comprises means for 
connection to at least one bus within the personal computing device. 

3. Communications apparatus as claimed in claim 2, wherein the means for 
exporting at least a part of the digitised modulated signal further comprises means for 
performing direct memory access with memory means located within die personal 
computing device. 

4. Conmiunications apparatus as claimed in claim 1, wherein the means for 
cxportinfi ai least a pan of the digitised modulated signal comprises means for dividing 
the signal witli respect to time, 

5. Communications apparatus as claimed in claim I, wherein the means for doNvn- 
converting a received modulated radio-frequency signal comprises means for generating 
an in-phase down converted signal and a quadrature phase down-converted signal, and 
the mp.;m.s tor digitising a down-converted signal comprises means for digitising the in- 
phase down converted signal and the qmc\r?inm phase down-converted signal. 

6. Cuiiununications apparatus as claimed in claim 1, wherein the means for down- 
converting a received modulaicd radio-frequency signal comprises means for generating 
0 single down-converted signal. 
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7. ConiJiiuiijcaiiuiis dppiudius as tidiiiicd in claim 6, wherein ihe means for down- 
converting a received modulated radio-frequency signal aic arrtuiKcd Lu convert the 
frequency of the received modulated radio signal by less thaii tlie ccnLi c frequency of the 
signal minus half of the bandwidth of the signaL 

8. Communications apparatus as claimed in claim 1, further comprising means for 
altering the bandwidth of the received modulated radio-frequency signaL 

9. Communications apparatus as claimed in claim L turther comprising means for 
altering the centre frequency of the received mndulated radio-frequency signal. 

10. Coiuinuuicaliuns apparatus as claimed in claim 9, wherein the means for altering 
the centre frequency of the received modulated radio-fi equciicy iiKiial comprise means 
for frequency-hopping. 

1 L Communications apparatus as claimed in claim 1. further comprising means for 
altering the amplitude of the dou-n converted received modulated radio frequency 
signal. 

12. Communications apparatus as claimed in claim 8, wherein the mftaa? for altering 
paidincLcrii furiher comprise means for responding to at least one command from a 
personal computing: device. 

13. Communications apparatus as claimed in claim 12? vvhercin tlic means for 
altering parameters further comprises means for comparing that at least one command 
with at least one predetermined permitted parameter and means responsive only to 
commands possesing permitted parameters. 

14. Communications apparatus as claimed in chim 13, further comprising means for 
alierin;; Qic at least one permined parameter in respon.«;e tn an encoded command from a 
personal compuliuK device. 
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15. Cuiiuaunicatiunii apparatus as claimed in claim 1 , wherein the apparatus is 
adapted for iustallaiioii wiililn a personal coinputing device. 

16. Comm'unications apparatus as claimed in claim 1 , funhei coiiipriiiiiK a perbonal 
computing device, the personal computing device comprising processing means and 
memory means which processing means ore responsive to instructions stored in the 
memor\^ means to demodulate the exported signal. 

1 7. (!:o.nimiinications apparatus as claimed in claim 1, further comprising means for 
importing a digital modulated i^ignal from a personal computing device, means for 
convening the digital modulated signal to an analogue signal, means for up-convening 
the analogue signal to a radio frequency signal and means for transmitting the radio 
frequency signal. 

1 8. Communications apparatus comprising means for iinpoiiijig a digital modulated 
signal from a personal computing device, means for converting the digital modulated 
signal to an analogue signal, means for up converting the analogue signal to a radio 
frequency signal and means for transmining the radio frequency signal. 

19. Communications apparatus as claimed in claim 18, wherein the means for 
imponing at least a pan of the digital modulated signal comprises means for connection 
to at least om bus within the personal computing device. 

20. Communications apparatus as claimed in claim 19, wherein the means for 
importing at least a part of die digital modulated signal fiiitlier couipriics means for 
performing direct memorj' access with memor>' means located within the personal 
computing device, 
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21. Communications apparatus as claimed In clmm 18, wherein the means for 
importing at least a pan of the digital modulated signal comprises means foi assembling 
the signal with respect to time. 

22. Communications apparatus as claimed in claim 1 8. wherein the means for 
converting the digital modulated signal to an analogue signal comprises means for 
cnnverr.ing an in-phase signal and a quadrature phase signal. 

23. Communlcaiions apparatus as claimed in claim 22. wherein the means for up- 
cuiivcrLin)i the analogue signal to a radio frequency signal comprises means responsive 
to an in-phasc signal and a quadjatuic phaiic signal. 

24. Communications apparatus as claimed in claim 1 8, wherein the means for up- 
converting the analogue signal to a radio frequency signal comprises means responsive 
to a single analogue signal. 

VS. Communications apparatus as claimed in claim 24, wherein the means for up- 
converting the analogue signal to a radio frequ^nry signal are arranged to alter the 
frequency of the analogue signal by less than a required transmission centre frequency 
uf the signal minus half of the bandwidth of the signal. 

26. Communications apparatus as claimed in claim 18, furtlicr cuniprising mcanb for 
controlling the bandwidth of the transmitted signal. 

27. Conununications apparatus as claimed in claim 1 8, further comprising means for 
altering the centre frequency of the transmitted signal. 



28. Communicatinns apparatus as claimed in claim 27, wherein the means for 
altering the centre frequency of the transmitted signal comprises means for frequency- 
hopping, 
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29. Communications apparatus as claimed in claim 18, further compri<;ing means for 
altering the amplitude of the transmitted signal. 

30. Communications appaialus as claimed in claim 26, wherein the means for 
altering parameters furdicr comprise means for receiving at least one coiniuaiid fruin a 
personal computing device, means for comparing that at least one command with at 
IcQSt one predetermined permitted parameter and means responsive only to commands 
possesing permitted parameters- 

3 1 . Communications apparatus as claimed in claim 30, further comprising means for 
altering the at lea.<;T one permined parameter in response to an encoded command from a 
personal computing device. 

32. Cuniuiuuicatiuns upparaLus as claimed in claim 18, wherein the apparatus is 
adapted for installalion within a pcrsunal cuiapulin^i device. 

33. Communications apparatus as claimed in claim 18, further comprising a personal 
computing device, the personal computing device comprising processing means and 
memory means which processing means are responsive to instructions stored in the 
memory means to demodulate the exported signal. 



* 
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